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Review article 

How well do people living with neurodegenerative diseases manage their 
finances? A meta-analysis and systematic review on the capacity to make 
financial decisions in people living with neurodegenerative diseases 
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A B S T R A C T   

Self and proxy reported questionnaires indicate that people living with a neurodegenerative disease (NDD) have 
more difficulties with financial decision-making (FDM) than healthy controls. Self-reports, however, rely on 
adequate insight into everyday functioning and might, therefore, be less reliable. The present study provides a 
comprehensive overview and meta-analysis of studies evaluating FDM in people living with an NDD. For this, the 
reliability of performance-based tests to consistently identify FDM difficulties in people living with an NDD 
compared to healthy controls is evaluated. Furthermore, the associations between FDM and disease severity, 
performances on standard measures of cognition and demographics are evaluated. All 47 included articles, 
consistently reported lower performances on performance-based FDM tests of people living with an NDD 
(including Alzheimer’s disease, mild cognitive impairment, frontotemporal dementia, Parkinson’s disease, 
multiple sclerosis or Huntington’s disease) compared to healthy controls. The majority of studies, however, 
focused on Alzheimer’s disease and mild cognitive impairment (k = 38). FDM performance appears to be related 
to cognitive decline, specifically in working memory, processing speed and numeracy.   

1. Introduction 

The ability to make financial decisions in ones’ own self-interest is 
essential for an independent life. Difficulties with financial decision- 
making (FDM) may lead to financial insecurity, poverty or financial 
abuse (Lai and Karlawish, 2007; Manthorpe et al., 2012; Okonkwo et al., 
2008) and the (early) detection of deficits in FDM is, therefore, of utmost 
importance. The legislation regarding the mental capacity to make 
financial decisions differs between countries. In England and Wales, for 
example, but also in the Netherlands, the law presumes that a person has 
the capacity to make financial decisions unless this person is deemed to 
lack this capacity. This means that people with unrecognized or 

undetected deficits in the capacity to make financial decision can 
continue to make such decisions even though they may need support. 
The capacity, or competence, to make financial decisions is an umbrella 
term that includes not only practical skills and abilities (e.g., counting 
coins), but also the ability to judge and make (complex) decisions 
(American Bar Association Commision on Law and Aging and American 
Psychological Association [American Bar Association Commision on 
Law and Aging and American Psychological Association [ABA/APA], 
2008). FDM encompasses various cognitive functions (Glimcher and 
Glimcher, 2014) and appears to rely on the integrity of the frontal cortex 
(Kennerley and Walton, 2011). Cognitive functions found to be related 
to decision-making in general include working memory, executive 
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functioning and numeracy (Chen et al., 2014; Martin et al., 2012; Reyna 
et al., 2009). 

Neurodegenerative diseases (NDDs; e.g., Alzheimer’s disease (AD), 
Parkinson’s disease (PD) or Huntington’s disease (HD)) are character-
ized by a progressive decline of cognition and neuropsychiatric distur-
bances (American Psychiatric Association, 2013; Hardiman and 
Doherty, 2016), which makes people living with an NDD particularly 
vulnerable for difficulties with FDM. Indeed, research using self or proxy 
reported questionnaires showed that people living with an NDD have 
more difficulties in ‘financial skills’ or ‘financial management’ than 
healthy controls (Pérès et al., 2008; Wadley et al., 2003; Wicklund et al., 
2007). Even years prior to the diagnosis of AD (Pérès et al., 2008) and 
HD (Beglinger et al., 2010), people living with these conditions report 
more difficulties with FDM compared to healthy controls. 

Self-report questionnaires, however, rely strongly on an adequate 
insight into everyday functioning and might, therefore, be less reliable 
(Wadley et al., 2003). Furthermore, people living with an NDD with 
comorbid depression tend to report significantly more problems with 
cognitive functioning in everyday life than people living with an NDD 
who are not depressed, even when no effects of depression on the per-
formances on performance-based neuropsychological tests are found 
(Koerts et al., 2012; Middleton et al., 2006). Finally, previous research 
has shown that questionnaires often do not give a good reflection of 
what is measured with performance-based standardized neuropsycho-
logical tests (Fuermaier et al., 2014; Koerts et al., 2012; Toplak et al., 
2013). In contrast to self or proxy reported questionnaires, 
performance-based tests directly examine an individual’s performance 
on tasks or during activities using standardized scoring procedures 
(Engel et al., 2016; Moore et al., 2007). Performance-based tests are 
frequently administered in an experimental or clinical environment and 
provide a practical and adequate alternative for real life observations 
(Moore et al., 2007). Therefore, in order to ascertain in a reliable and 
valid manner to what extent people living with an NDD can make 
financial decisions, performance-based FDM tests need to be used. 

The aim of the present study is to provide a comprehensive overview 
and meta-analysis of studies evaluating FDM in people living with an 
NDD. For this, an evaluation of the reliability of performance-based tests 
to consistently identify FDM difficulties in people living with an NDD 
compared to healthy controls will be conducted. If possible, the per-
formances on tests of FDM between groups with different NDDs will also 
be compared. Furthermore, the influence of disease severity and disease 
progression on FDM will be explored as well as the associations between 
FDM and performances on standard measures of cognition and de-
mographic variables (i.e., age, sex and education). 

NDDs are a heterogeneous group of disorders and the NDDs that are 
considered in the present systematic review and meta-analysis were 
selected based on prevalence rates. Since it is beyond the scope of this 
systematic review to describe all NDDs in detail, a short description of 
the NDDs that are considered in the present study will be provided. The 
first disorder that is considered is AD. AD is the most common NDD 
(Reitz et al., 2011) and is typically characterized by a progressive loss of 
functional independence and a gradual decline of memory. In addition, 
cognitive domains such as executive and visuospatial functions are often 
affected in people living with AD. Mild cognitive impairment (MCI) is 
often considered to be a prodromal stage of AD (or of other dementia’s) 
and was, therefore, also taken into account in the present systematic 
review. MCI is diagnosed when there are concerns about a change in 
cognition, when impairments are present in one or more domains of 
cognition, while there is a preservation of functional independence and 
when the cognitive impairments are sufficiently mild that the person is 
not demented (Albert et al., 2011). The second most common NDD is PD 
which was, therefore, also taken into account in the present systematic 
review. PD also has a progressive decline and the diagnosis is based on 
the presence of motor symptoms such as rigidity, bradykinesia and 
tremor. Non-motor symptoms, including cognitive impairment in the 
domains of executive functions, attention, and visuospatial functions, 

are, however, also often present which can result in PD dementia (PDD) 
as the disease progresses (Hely et al., 2008; Litvan et al., 2011). Another 
common type of NDD that is closely related to PD is dementia with Lewy 
bodies. Dementia with Lewy bodies is also characterized by impairments 
in executive functions, attention, and visuospatial functions, resulting in 
dementia, and by motor symptoms such as bradykinesia, rigidity and 
tremor. However, within the context of dementia with Lewy bodies, and 
in contrast to PDD, dementia precedes or occurs simultaneously with the 
occurrence of motor symptoms (McKeith et al., 2005). Frontotemporal 
dementia (FTD) refers to a group of conditions which are predominately 
characterized by neurodegeneration of the frontal and temporal 
cortices. FTD is a common cause of dementia under the age of 65. The 
two core conditions within the context of FTD are the behavioral variant 
of FTD and primary progressive aphasia. The behavioral variant of FTD 
is characterized by changes in behavior, personality and emotion and by 
impairments in executive function and social cognition (Rascovsky 
et al., 2011), while impairments in language are the hallmark of primary 
progressive aphasia (Gorno-Tempini et al., 2011). Since there is a sig-
nificant clinical overlap between the behavioral variant of FTD and 
amyotrophic lateral sclerosis (Lomen-Hoerth, 2011; Rascovsky et al., 
2011), the latter was also included in the search terms. Two other NDDs 
that are considered in the present study are progressive supranuclear 
palsy and HD. People living with progressive supranuclear palsy typi-
cally show eye movement abnormalities, parkinsonian features, per-
sonality changes and cognitive impairment in the domains of executive 
function and attention (Litvan et al., 1996). HD is an autosomal domi-
nant NDD that is characterized by involuntary movements, cognitive 
impairment in domains such as executive functions, attention and social 
cognition, and psychiatric features, including anxiety, aggression, 
disinhibition and anti-social behavior (Ross and Tabrizi, 2011). The final 
condition that was considered in the present systematic review was 
multiple sclerosis (MS). MS is an inflammatory demyelinating disorder. 
However, it has been argued that a degenerative process is at the root of 
the disease (Stys et al., 2012). Furthermore, it has been suggested that 
MS has a prodromal period which is similar to NDDs (Wijnands et al., 
2017). MS is a common disorder in young adults and often has a pro-
gressive course. However, the condition can also develop in a relapsing 
remitting manner. People living with MS often show fatigue and im-
pairments in the domains of memory, executive functions, attention and 
psychomotor speed (Chiaravalloti and DeLuca, 2008). The NDDs that 
are considered in the present systematic review and meta-analysis are 
thus relatively common and are accompanied by significant cognitive 
and psychiatric impairments, all of which can have a tremendous impact 
of everyday functioning, including FDM. More rare conditions such as 
prion diseases and corticobasal degeneration were not included in the 
present systematic review and meta-analysis. 

2. Method 

2.1. Study selection procedure 

Available literature from four databases (i.e., Medline, PsychINFO, 
Pubmed and Web of Knowledge) was explored until December 31st, 
2019 according the guidelines of Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (Moher et al., 2009). Primary key-
words were related to NDDs, such as ‘Parkinson’s disease’, ‘mild 
cognitive impairment’ or ‘dementia’. Secondary keywords were related 
to FDM, including ‘finances’, ‘financial capability’ or ‘money manage-
ment’ (for a complete list of key words see supplementary material). 
Keywords needed to be present in the title or abstract. Additional articles 
were identified through reference lists of selected articles and a recently 
published review focusing on currently available instruments that can 
be used to assess financial skills (Engel et al., 2016). Only peer-reviewed 
articles written in English were included. After removal of duplicates, 
1612 unique articles were identified of which 129 were on topic (Fig. 1). 
Studies were included in the review when they (a) included a group of 
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people living with an NDD and a healthy control group or when they had 
a longitudinal design and (b) used a standardized performance-based 
test of FDM (i.e., primary tests) or a performance-based general 
decision-making or functional capacity test with an FDM subscale (i.e., 
secondary tests). Studies that included a mixed group (e.g., a ‘dementia 
group’) or primarily focused on gambling or risk-taking tasks were 
excluded. Forty-seven studies met the inclusion criteria (Table 1; Fig. 1). 

2.2. Identified financial tests and outcome measures 

The included studies used one or more performance-based tests 
assessing FDM. A brief description of the primary and secondary FDM 
tests used is given below, in alphabetical order. For a more detailed 
description of each test and their administration procedure we refer to 
the original article(s) in which the respective test has been described. 

2.2.1. Primary FDM tests  

1 The Actual Reality test (AR test; Goverover et al., 2010; Goverover 
and DeLuca, 2015) simulates the online purchase of a cookie 
bouquet and evaluates money management skills, such as plan-
ning and budgeting. Performances are evaluated based on (1) 
‘staying within price range’, (2) ‘correct use of credit card’, (3) 
‘choosing an appropriate cookie bouquet’, (4) ‘efficient pace’ and 
(5) ‘correct response to unexpected events’. The total score is 
calculated based on the sum of these five goal-directed actions, 
with lower scores indicating better money management skills. 
The AR test is used in one study included in the review (i.e., 
Goverover et al., 2016).  

2 The Advanced Finances Test (AFT; Heaton et al., 2004) evaluates 
the ability to manage finances using tasks involving depositing a 
check, paying bills and calculating checkbook balance. A total 
score can be calculated, with higher scores indicating a better 
ability to manage finances. The AFT is used in two studies 
included in the review (i.e., Pirogovsky et al., 2012; Sheppard 
et al., 2017).  

3 The Financial Assessment and Capacity Test (FACT; Black et al., 
2007) evaluates FDM capacity in elderly individuals. The FACT 
includes nine domains related to the conceptual model of 

Fig. 1. Prisma flow diagram according to the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (Moher et al., 2009).  

Table 1 
Characteristics of included studies.  

Characteristic k Characteristic k 

Total included studies 47 Number of studies per groupa  

Studies including > 1 NDD group 15 AD 25 (17) 
Year of publication  MCI 26 (16) 
≤ 2000 5 FTD 3 (3) 
2001 – 2010 13 PD 7 (5) 
≥ 2011 29 MS 3 (3) 
Study design  HD 1 (-) 
Case-control 39 Number of participants examined per 

study 
Longitudinal 6 1-25 18 
Both 2 26-50 14 
Assessment of cognition  51-75 8 
Yes 29 76-100 4 
No 18 > 100 3 

Note: AD = Alzheimer’s disease; FTD = frontotemporal dementia; HD = Hun-
tington’s disease; k = number of studies; MCI = mild cognitive impairment; MS 
= multiple sclerosis; NDD = neurodegenerative disorder; PD = Parkinson’s 
disease. 

a Numbers in parentheses are the number of studies included in the meta- 
analyses. 

D.F. Bangma et al.                                                                                                                                                                                                                              



Neuroscience and Biobehavioral Reviews 127 (2021) 709–739

712

Appelbaum & Grisso (1988), i.e., (1) ‘memory’, (2) ‘reading/-
writing’, (3) ‘calculation/attention’, (4) ‘daily financial tasks’, (5) 
‘general financial knowledge’, (6) ‘understanding assets’, (7) 
‘financial insight’, (8) ‘financial confidence’, and (9) ‘rational 
beliefs about money’. Scores on all domains separately and an 
overall total score can be calculated, with higher scores indi-
cating a better FDM capacity. The FACT is used in one study 
included in the review (i.e., Gill et al., 2019).  

4 The Financial Competence Assessment Inventory (FCAI; Kershaw 
and Webber, 2008) assesses current financial competence using 
theoretical questions and functional tasks focused on financial 
abilities. The FCAI includes six domains, i.e., (1) ‘everyday 
financial abilities’, (2) ‘financial judgement’, (3) ‘estate man-
agement’, (4) ‘cognitive functioning related to financial tasks’, 
(5) ‘debt management’, and (6) ‘support resources’. Scores on all 
domains separately and a total score based on the sum of all 
domains can be calculated. Additionally, items can be recoded in 
four subscales based on the conceptual model of Appelbaum & 
Grisso (1988), i.e., (i) ‘understanding’, (ii) ‘appreciation’, (iii) 
‘reasoning’, and (iv) ‘expressing a choice’. Higher scores indicate 
a better knowledge and understanding of financial competence. 
The FCAI is used in two studies included in this review (i.e., Gill 
et al., 2019; Kershaw and Webber, 2008). 

5 The Financial Capacity Instrument (FCI; Marson et al., 2000) as-
sesses financial knowledge and skills using tasks of different 
levels of complexity, such as counting coins and preparing bills. 
Depending on the version used, a maximum of nine domains can 
be differentiated with the FCI: (1) ‘basic monetary skills’, (2) 
‘financial concepts’, (3) ‘cash transactions’, (4) ‘checkbook 
management’, (5) ‘bank statement management’, (6) ‘financial 
judgment’ (or ‘identifying fraud’), (7) ‘bill payment’, (8) 
‘knowledge of personal assets’ (or ‘estate arrangements’), and (9) 
‘investment decision-making’. Scores can be determined for each 
domain separately and total scores can be calculated using 
different combinations of the described domains. The most 
frequently used combinations are a total score based on the sum 
of all domains, sometimes except domain 8 since this latter 
domain is considered to be still experimental, and a total score 
based on domains 2, 3, 5 and 7. One study (Gerstenecker et al., 
2018) extracted four new domains of the FCI using factor anal-
ysis, i.e., (1) ‘basic monetary knowledge and calculation skills’, 
(2) ‘financial judgment’, (3) ‘financial conceptual knowledge’, 
and (4) ‘financial procedural knowledge’. Higher scores indicate 
a better financial capacity. The FCI is used in twenty-two studies 
included in this review (i.e., Clark et al., 2014; Earnst et al., 2001; 
Gerstenecker et al., 2019, 2018, 2017b, 2017a, 2016; Griffith 
et al., 2010, 2007, 2003; Lassen-Greene et al., 2017; Marson 
et al., 2000; Martin et al., 2008, 2019, 2013; Niccolai et al., 2017; 
Okonkwo et al., 2009, 2006; Sherod et al., 2009; Stoeckel et al., 
2013; Tracy et al., 2017; Triebel et al., 2009).  

6 The Financial Capacity Instrument–Short Form (FCI-SF; Tolbert 
et al., 2019) assesses complex financial abilities and is a modified 
shorter version of the FCI. Five domains, i.e., (1) ‘mental calcu-
lation’, (2) ‘financial conceptual knowledge’, (3) ‘single check-
book/register task’, (4) ‘complex checkbook/register task’, and 
(5) ‘using bank statement’ are included. Scores can be determined 
for all five domains separately and a total score based on the sum 
of these five domains can be calculated, with higher scores 
indicating a better financial capacity. The FCI-SF is used in one 
study included in this review (i.e., Tolbert et al., 2019). 

7 The Financial Competency Questions (FCQ; Bassett, 1999) evalu-
ates a participants’ understanding of financial issues related to 
the use and maintenance of a checking account by asking five 
questions. Questions require a yes or no answer and an expla-
nation of the given answer. For each question a score is given by 
the examiner ranging from 0 to 5. The outcome measure is the 

total score on the five questions, with higher scores indicating a 
better understanding of financial issues. The FCQ is used in one 
study included in this review (i.e., Bassett, 1999).  

8 The Legal Capacity for Property Law Transactions Assessment Scale 
(LCPLTAS; Giannouli et al., 2018) evaluates financial knowledge 
and skills by using tasks and questions focused on financial issues. 
The LCPLTAS is based on the theoretical model of the FCI (Mar-
son et al., 2000) and adapted for the Greek population. The test 
defines seven domains, i.e., (1) ‘basic monetary skills’, (2) ‘cash 
transactions’, (3) ‘bank statement management’, (4) ‘bill pay-
ment’, (5) ‘financial conceptual knowledge’, (6) ‘financial deci-
sion making’, and (7) ‘knowledge of personal assets’. The total 
score is based on all domains. Furthermore, scores on all domains 
separately can be calculated. Higher scores on this scale indicate 
better financial knowledge and skills. The LCPLTAS is used in two 
studies included in this review (i.e., Giannouli et al., 2018; 
Giannouli and Tsolaki, 2019). Furthermore, a pilot version of the 
LCPLTAS was presumably used in another included study 
(Giannouli and Tsolaki, 2014).  

9 The Numerical Activities of Daily Living–Financial (NADL-F; Arcara 
et al., 2019) test is developed to evaluate independent financial 
functioning. The NADL-F builds on the conceptual model of 
Marson et al. (2000) and is based on previously published tests 
such as the FCAI (Kershaw and Webber, 2008) and the FCI 
(Marson et al., 2000). However, the NADL-F is redesigned for the 
socio-cultural context in Italy. The NADL-F consists of seven do-
mains, i.e., (1) ‘counting currencies’, (2) ‘reading abilities’, (3) 
‘item purchase’, (4) ‘percentages’, (5) ‘financial concepts’, (6) 
‘bill payment’, and (7) ‘financial judgments’. A sum score for each 
domain can be calculated, with higher scores indicating a better 
independent financial functioning. The NADL-F is used in one 
study included in this review (i.e., Arcara et al., 2019).  

10 The Semi-Structured Clinical Interview for Financial Capacity 
(SCIFC; Marson et al., 2009) assesses financial capacity using a 
semi-structured interview with theoretical questions and prac-
tical performance-based items. The SCIFC is based on the theo-
retical model of Marson et al. (2000) and the FCI. Compared to 
the FCI, however, the SCIFC is briefer and easier to administer. 
The SCIFC consists of eight domains, i.e., (1) ‘basic monetary 
skills’, (2) ‘financial conceptual knowledge’, (3) ‘cash trans-
actions’, (4) ‘checkbook management’, (5) ‘bank statement 
management’, (6) ‘financial judgment’, (7) ‘bill payment’, and 
(8) ‘knowledge of personal financial assets and estate arrange-
ments’. Scores on each domain and a total score based on the sum 
of domain 1 to 7 can be calculated (domain eight is considered to 
be experimental and is, therefore, not included in the total score). 
Higher scores indicate a better financial capacity. The SCIFC is 
used in one study included in this review (i.e., Marson et al., 
2009). 

2.2.2. Secondary tests  

11 The subscale ‘money management’ of the Assessment of Capacity 
for Everyday Decision-Making (ACED; Lai et al., 2008; Lai and 
Karlawish, 2007) evaluates everyday financial management ac-
tivities and financial management approaches. Using standard-
ized rating criteria, scores on four decision-making abilities can 
be described which are based on the conceptual model of 
Appelbaum & Grisso (1988), i.e., (1) ‘understanding’, (2) 
‘appreciation’, (3) ‘reasoning’, and (4) ‘expressing a choice’. A 
total score can be calculated as the sum of four domains, with 
higher scores indicating better financial decision-making abili-
ties. The subscale ‘money management’ of the ACED is used in 
one study included in this review (i.e. Lui et al., 2013).  

12 The subscale ‘FDM’ is one of two subscales of the Decision-Making 
Competence Assessment Tool (DMCAT; Finucane and Gullion, 

D.F. Bangma et al.                                                                                                                                                                                                                              



Neuroscience and Biobehavioral Reviews 127 (2021) 709–739

713

2010). Using tasks closely resembling the real-world setting, the 
DMCAT was developed to assess decision-making in older adults. 
The FDM subscale includes six items in which mutual funds must 
be chosen according to prespecified preferences. A total score can 
be calculated based on the number of correct answers, with 
higher scores indicating better FDM. The subscale ‘FDM’ of the 
DMCAT is used in one study included in this review (i.e., Duke 
Han et al., 2015).  

13 The subscale ‘financial skills’ of the Direct Assessment of Functional 
Status (DAFS; Loewenstein et al., 1989; Pereira et al., 2010a) can 
be used as a measure of financial abilities and is described as one 
of the functional activities of daily living. The subscale consists of 
items related to identifying and counting currency and higher 
order financial abilities. Scores on five domains can be deter-
mined, i.e., (1) ‘identifying currency’, (2) ‘counting currency’, (3) 
‘writing a check’, (4) ‘balancing a checkbook’ and (5) ‘make 
change for a purchase’, although not all studies included the fifth 
domain. Furthermore, a total score can be calculated based on all 
domains. The subscale ‘financial skills’ of the DAFS is used in four 
studies included in this review (i.e., Lima-Silva et al., 2015; 
Loewenstein et al., 1995, 1989; Pereira et al., 2010b).  

14 The subscale ‘money management’ of the Independent Living Scale 
(ILS; Loeb, 1996) can be used to evaluate money management 
abilities such as counting money, performing calculations or 
paying bills. A total score of items associated with the subscale 
can be calculated, with higher scores indicating better money 
management abilities. The subscale ‘money management’ of the 
ILS is used in one study included in this review (i.e., Bangen et al., 
2010).  

15 The subscale ‘bill payment’ of the Neuropsychological Assessment 
Battery (NAB; White and Stern, 2003) is a task that simulates 
actions that are required when paying an utility bill, such as 
identifying information or filling out a check. A total score can be 
calculated as the sum of correct responses, with higher scores 
indicating better bill payment performances. The subscale ‘bill 
payment’ of the NAB is used in one study included in this review 
(i.e., Kenney et al., 2019).  

16 The subscale ‘money usage’ of the Numerical Activities of Daily 
Living (NADL; Semenza et al., 2014) can be used to evaluate 
financial capacity as a function of (basic) mathematical abilities. 
The NADL assesses basic aspects of mathematical abilities and 
their impact on daily life, including the use of money. A score can 
be calculated based on the number of reasonably estimated prices 
(e.g., estimating the price of a car), with higher scores indicating 
better financial mathematical capacity. The subscale ‘money 
usage’ of the NADL is used in one study included in this review (i. 
e., Benavides-Varela et al., 2015).  

17 The subscale ‘money-related skills’ of the Structured Assessment of 
Independent Living Skills (SAILS; Mahurin et al., 1991) evaluates 
FDM as part of a larger instrument that can be used to directly 
evaluate everyday activities. The subscale ‘money-related skills’ 
consists of five money-related activities, including counting 
money, making change, understanding a monthly utility bill, 
writing a check and understanding a checkbook. A total score, 
based on all five activities, can be calculated for the subscale with 
higher scores indicating better money-related skills. The subscale 
‘money-related skills’ of the SAILS is used in one study included 
in this review (i.e., Mahurin et al., 1991).  

18 The subscale ‘finances’ of the University of California, San Diego 
(UCSD) performance-based skills assessment (Patterson et al., 2001) 
assesses financial skills using two tasks, i.e., (1) counting coins 
and making change and (2) make out a check. A total score can be 
calculated based on the number of correct elements achieved on 
both tasks. Higher scores indicate better financial skills. The 
subscale ‘finances’ of the UCSD performance based skills 

assessment is used in two studies included in this review (i.e., 
Pirogovsky et al., 2014, 2013).  

19 The subscale ‘money management’ of the University of Miami 
computer-based functional assessment battery (UMCFAB; Czaja 
et al., 2017) evaluates money management abilities using a 
computer-based replication of an Automatic Teller Machine 
(ATM). The performance-based ATM requires individuals to 
perform money related actions, such as checking the balance in 
their savings account, transferring money or withdrawing cash 
from their savings account. Different scores can be calculated, i. 
e., ‘total correct answers’, ‘total incorrect answers’, ‘task 
completion time’ and ‘an efficiency/rate score based on total 
correct answers divided by task completion time’. The subscale 
‘money management’ of the UMCFAB is used in one study 
included in this review (i.e., Czaja et al., 2017). 

2.3. Study analysis 

2.3.1. Content analysis 
A content analysis approach was applied to the included studies. The 

results were organized and extracted in table format for each disorder 
separately displaying demographics and disease characteristics of the 
included samples. In addition, primary outcome measures and the most 
important results of each paper relevant for the research questions at 
hand are described (Tables 2a–2f). Some studies describe the use of 
participants from the same study cohort, i.e., from the Cognitive Obser-
vations in Seniors Study (COINS; Clark et al., 2014; Gerstenecker et al., 
2019, 2018, 2017a, 2016; Niccolai et al., 2017) or the Measuring Inde-
pendent Living in the Elderly Study (MILES; Lassen-Greene et al., 2017; 
Okonkwo et al., 2009, 2006). However, despite the same study cohort 
has been used, there is insufficient evidence that the same sample has 
been used in these studies and, therefore, these studies are treated and 
described as separate studies in the content and meta-analysis. Two 
studies focused on people living with PD (Pirogovsky et al., 2014, 2013). 
However, these studies did use the same sample and are, therefore, 
considered and described as one study within the present systematic 
review. Of longitudinal studies, baseline data (if applicable) are used for 
cross-sectional comparisons. However, one research group performed a 
follow-up at one-year (Martin et al., 2008; Triebel et al., 2009), 
two-years (Clark et al., 2014; Gerstenecker et al., 2016) and six-years 
(Martin et al., 2019) of the same sample and, therefore, only the base-
line data of people living with AD and people living with MCI as 
described in Martin et al. (2019) was used to evaluate cross-sectional 
data. In the content analysis, group differences were considered signif-
icant when alpha < .05, independent of the used alpha level in the 
original study. Two studies, however, did not describe the p-values of 
their group comparisons and used a more conservative alpha level to 
evaluate significance (Marson et al., 2000; Tracy et al., 2017). Potential 
significant results using a less conservative p-value could, therefore, not 
be determined for these studies and included in this systematic review. 
Correlations were interpreted as weak when r = .30, moderate when r =
.50 and strong when r = .70 (Fritz et al., 2012). 

2.3.2. Meta-analysis 
In addition, a meta-analysis was performed for each NDD group 

separately when more than one of the included studies focused on a 
particular group. In the meta-analyses, the total scores (i.e., sum of 
domains or items) of the FDM tests were used. Therefore, studies that did 
not report total scores (Arcara et al., 2019; Czaja et al., 2017; Ger-
stenecker et al., 2018; Giannouli and Tsolaki, 2014; Marson et al., 2000; 
Okonkwo et al., 2006, 2009) and studies that did not provide means 
and/or standard deviations for total scores (Mahurin et al., 1991; Mar-
son et al., 2009; Sheppard et al., 2017) were excluded from the 
meta-analysis. Furthermore, two studies did not include a healthy con-
trol group (Gerstenecker et al., 2016; Loewenstein et al., 1995) and 
were, therefore, not used in the meta-analysis. Regarding longitudinal 
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Table 2a 
Overview of studies measuring financial decision-making in people living with Alzheimer’s disease (k = 25).  

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion 

Bassett (1999) USA CS 

AD (n = 20) / Stage: mild/moderate 

FCQ (total score)  

- People living with mild/moderate AD showed a significantly lower FDM 
performance than HC on the FCQ total score.  

- 55% of People living with mild/moderate AD were classified as 
incompetent (≤ 2SD below the mean of controls) based on the FCQ total 
score. 

AD (mild/moderate) 
< HC  

- age (y) 75.3 ± 9.9  
- education n.r.  
- 20.0% male  

- MMSE 22.0 ± 4.2  
- CDR 0.5 to 2.0 

HC (n = 20)  
- age (y) 75.2 ± 5.9  
- education (y) 13.6 ± 2.4  
- 30.0% male  

- n.r. 

Clark et al. (2014)+ USA LS 

AD (n = 41) / Stage: mild 

FCI (total score based on 
domains 1-7, 9)  

- 46% (5/11) and 20% (1/5) of people living with mild AD showed 
significant decline (≥10 points difference) compared to baseline after 1 and 
2 years, respectively.  

- In contrast, 15.8% (6/38) and 17.6% (6/34) of HC showed significant 
decline (≥10 points difference) compared to baseline after 1 and 2 years, 
respectively. 

N/A  

- age (y) 72.5 ± 6.0  
- education (y) 14.0 ± 3.0  
- 63.4% male  

- MMSE 24.3 ± 3.4*  
- DRS 119.1 ± 9.7* 

HC (n = 44)  
- age (y) 70.5 ± 7.1  
- education (y) 14.4 ± 2.2  
- 38.6% male  

- MMSE 29.3 ± 1.2  
- DRS 138.9 ± 3.9 

Earnst et al. (2003) USA CS 

AD (n = 20) / Stage: mild/moderate 

FCI (scores on domains 1- 
7, total score based on 
domains 1-7)  

- People living with mild/moderate AD showed significantly lower FDM 
performances than HC on the FCI total score and on all domains separately. 

AD (mild/moderate) 
< HC  

- age (y) 71.9 ± 7.2  
- education (y) 13.3 ± 2.9  
- % male n.r.  

- MMSE 20.5 ± 4.8? 

HC (n = 23)  
- age (y) 71.0 ± 9.2  
- education (y) 14.6 ± 1.9  
- % male n.r.  

- MMSE 28.8 ± 0.8 

Gerstenecker et al. (2017a)+ USA CS 

AD (n = 39) / Stage: mild 

FCI (scores on domains 1- 
7, total score based on 
domains 1-7)  

- People living with mild AD showed significantly lower FDM performances 
than HC on the FCI total score and on all domains separately. 

AD (mild) < HC  

- age (y) 71.3 ± 8.0  
- education (y) 14.1 ± 2.6*  
- 51.2% malea  

- MMSE 21.7 ± 5.1*  
- DRS 113.9 ± 12.9* 

HC (n = 60)  
- age (y) 70.6 ± 7.0  
- education (y) 16.0 ± 2.3  
- 72.1% malea  

- MMSE 29.1 ± 1.2  
- DRS 138.9 ± 2.8 

Gerstenecker et al. (2018)+ USA CS 

AD (n = 112) / Stage: mild 

FCI (scores on 4 domains 
extracted from factor 
analyses)  

- People living with mild AD showed significantly lower FDM performances 
than HC on all domains. 

AD (mild) < HC  

- age (y) n.r.  
- education (y) n.r.  
- % male n.r.  

- n.r. 

HC (n = 179)  
- age (y) n.r.  
- education (y) n.r.  
- % male n.r.  

- n.r. 

Gerstenecker et al. (2019)+ USA CS 

AD (n = 59) / Stage: mild 

FCI (scores on domains 1- 
7, 9, total score based on 
domains 1-7, 9)  

- People living with mild AD showed significantly lower FDM performances 
than HC on the FCI total score and on all domains separately. 

AD (mild) < HC  

- age (y) 74.5 ± 8.7  
- education (y) 14.5 ± 2.3  
- 54.2% male  

- MMSE 23.7 ± 3.1* 

HC (n = 64)  
- age (y) 70.6 ± 7.4  
- education (y) 15.8 ± 2.3  
- 29.7% male  

- MMSE 28.7 ± 3.9 

Giannouli & Tsolaki (2014)+ Greece CS 

AD (n = 10) / Stage: severe 

FDM testb (scores on six 
domains)  

- All people living groups showed significantly lower FDM performances 
than HC (i.e., < 2.5SD below the mean of controls) on all domains of the 
FDM test.  

- People living with severe AD showed significantly lower FDM performances 
than people living with mild AD (i.e., < 2.5SD below the mean of people 
living with mild AD) on three domains of the FDM test, i.e., ‘basic monetary 
skills’, decision making capacity and judgment for different dilemmas. 

AD (severe) < AD 
(moderate) < AD 
(mild) < HC  

- age (y) 74.4 ± 8.6?  
- education (y) 5.65 ± 2.6?  
- % male n.r.  

- MMSE 5.4 ± 2.8? 

AD (n = 22) / Stage: moderate  
- age (y) 77.8 ± 6.1?  
- education (y) 7.4 ± 4.0?  - MMSE 15.2 ± 2.4? 

(continued on next page) 
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Table 2a (continued ) 

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion  

- People living with severe AD also showed significantly lower FDM 
performances than people living with moderate AD (i.e., < 2.5SD below the 
mean of people living with moderate AD) on one domain of the FDM test, i. 
e., ‘decision making capacity and judgment for different dilemmas’.  

- People living with moderate AD showed significantly lower FDM 
performances than people living with mild AD (i.e., < 2.5SD below the 
mean of people living with mild AD) on one domain of the FDM test, i.e., 
‘decision making capacity and judgment for different dilemmas’.  

- % male n.r. 
AD (n = 32) / Stage: mild  
- age (y) 76.7 ± 7.4?  
- education (y) 6.9 ± 4.3?  
- % male n.r.  

- MMSE 22.2 ± 2.6? 

HC (n = 83)  
- age (y) 73.6 ± 9.8  
- education (y) 8.1 ± 4.6  
- % male n.r.  

- MMSE 29.5 ± 1.2 

Giannouli et al. (2018)+ Greece CS 

AD (n = 23) / Stage: severe 

LCPLTAS (scores on 
seven domains, total 
score based on all 
domains)  

- All people living groups showed significantly lower FDM performance than 
HC on the LCPLTAS total score and on all domains separately.  

- People living with severe AD showed significantly lower FDM performances 
than people living with mild or moderate AD on the LCPLTAS total score 
and on all domains separately.  

- People living with moderate AD showed significantly lower FDM 
performances than people living with mild AD on the LCPLTAS total score 
and on all domains separately. 

AD (severe) < AD 
(moderate) < AD 
(mild) < HC  

- age (y) n.r.c  
- education (y) n.r.c  
- % male n.r.c  

- MMSE 5.6 ± 3.2? 

AD (n = 20) / Stage: moderate  
- age (y) n.r.c  
- education (y) n.r.c  
- % male n.r.c  

- MMSE 14.7 ± 2.6? 

AD (n = 21) / Stage: mild  
- age (y) n.r.c  
- education (y) n.r.c  
- % male n.r.c  

- MMSE 21.8 ± 2.1? 

HC (n = 22)  
- age (y) n.r.c  
- education (y) n.r.c  
- % male n.r.c  

- MMSE 29.2 ± 0.9 

Gill et al. (2019)+ Canada++ CS 

AD (n = 15) / Stage: n.r. 
FACT (scores on eight 
domains and total score 
based on all domains) & 
FCAI (scores on six 
domains, total score 
based on all domains)  

- People living with AD showed a significantly lower FDM performance than 
HC on the FACT domain ‘memory’. No group differences were found for the 
total score and for all other domains.  

- People living with AD showed a significantly lower FDM performance than 
HC on the FCAI total score and on all domains separately, with the 
exception of ‘debt management’. 

AD ≤ HC  

- age (y) 77.3 ± 6.4*  
- education (y) 14.2 ± 4.4  
- 66.7% male?  

- MoCA 17.4 ± 4.0* 

HC (n = 20)  
- age (y) 67.9 ± 8.9  
- education (y) 13.7 ± 2.9  
- 40.0% male  

- MoCA 27.3 ± 1.9 

Griffith et al. (2003)+ USA CS 

AD (n = 22) / Stage: mild 

FCI (scores on domains 1- 
9, total score based on 
domains 1-7)  

- People living with mild AD showed significantly lower FDM performances 
than HC on the FCI total score and on all domains separately, with the 
exception of ‘assets and estate’. 

AD (mild) ≤ HC  

- age (y) 71.5 ± 9.2  
- education (y) 14.5 ± 2.5  
- 40.1% male  

- MMSE 24.1 ± 2.6*  
- DRS 115.3 ± 11.1*  
- CDR 1.0* 

HC (n = 21)  
- age (y) 66.7 ± 7.2  
- education (y) 14.3 ± 2.7  
- 33.3% male  

- MMSE 29.3 ± 1.0  
- DRS 137.4 ± 4.3  
- CDR 0.0 or 0.5 

Griffith et al. (2007) USA CS 

AD (n = 14) / Stage: mild 

FCI (total score based on 
domains 2, 5-7)  

- People living with mild AD showed a significantly lower FDM performance 
than HC on the FCI total score.  

- FDM (total score of the FCI) was mildly to moderately negatively correlated 
with neural tissue loss or damage (NAA/Cr ratio) and neural demyelination 
(Cho/Cr ratio). 

AD (mild) < HC  

- age (y) 75.9 ± 8.0  
- education (y) 15.0 ± 2.8  
- 57.1% male  

- MMSE 25.0 ± 2.5*  
- DRS 117.7 ± 10.4*  
- CDR 0.5 or 1.0* 

HC (n = 14)  
- age (y) 71.0 ± 4.2  
- education (y) 14.2 ± 2.2  
- 28.6% male  

- MMSE 29.7 ± 0.5  
- DRS 137.9 ± 2.4  
- CDR 0 

Kershaw & Webber (2008) Australia CS 

AD (n = 22) / Stage: n.r. 

FCAI (scores on six 
domains, total score 
based on all domains)  

- People living with AD showed significantly lower FDM performances than 
HC on the FCAI total score and on all domains separately, with the 
exception of ‘support resources’. The degree of impairment of people living 
with AD was > 1.5SD below the mean of HC. 

AD ≤ HC  

- age (y) 83.0 ± 5.3*  
- education (y) ≈ 9*  
- 13.6% male?  

- MMSE 16.9 ± 4.5? 

HC (n = 59)  
- age (y) 52.5 ± 19.3  
- education (y) ≈ 12  

- MMSE 29.6 ± 0.5 

(continued on next page) 
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Table 2a (continued ) 

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion  

- 40.0% male 

Lima-Silva et al. (2015)+ Brazil CS 

AD (n = 30) / Stage: n.r. 

Subscale ‘financial 
skills’ of DAFS – 
Brazilian version (total 
score based on five 
domains)  

- People living with AD showed a significantly lower FDM performance than 
HC on the ‘financial skills’ total score. AD < HC  

- age (y) 68.7 ± 6.8  
- education (y) 8.6 ± 4.5  
- 56.7% male  

- MMSE 19.2 ± 2.3*  
- CDR 1.0 

HC (n = 34)  
- age (y) 65.4 ± 5.9  
- education (y) 9.6 ± 3.9  
- 62.8% male  

- MMSE 25.5 ± 1.3  
- CDR n.r. 

Loewenstein et al. (1989) USA CS 

AD (n = 12) / Stage: n.r. 

Subscale ‘financial 
skills’ of DAFS (scores on 
four domains, total score 
based on all domains)  

- People living with AD showed significantly lower FDM performances than 
HC on the total score of the ‘financial skills’ subscale and on all domains 
separately, with the exception of ‘identifying change’. 

AD 
≤

HC  

- age (y) 78.2 ± 10.1  
- education (y) n.r.  
- 58.3% male?  

- n.r. 

HC (n = 18)  
- age (y) 75.4 ± 5.7  
- education (y) 13.8 ± 2.7  
- 27.8% male  

- MMSE 28.0 ± 2.2 

Loewenstein et al. (1995) USA LS 

AD(n = 52) / Stage: n.r. 
Subscale ‘financial 
skills’ of DAFS (scores on 
four domains)  

- People living with AD showed a significant deterioration after 1 year on all 
FDM domains, with the exception of ‘balancing a checkbook’. 

N/A  
- age (y) 76.6 ± 7.2  
- education (y) 12.4 ± 3.8  
- 38.5% male  

- MMSE 19.0 ± 4.7d 

no HC group 

Lui et al. (2013)+ China+ CS 

AD (n = 90) / Stage: mild 
‘money management’ 
version of ACED – 
Chinese version (scores 
on four domains, total 
score based on all four 
domains)  

- People living with mild AD showed significantly lower FDM performances 
than HC on the ‘money management’ total score and on all domains 
separately. 

AD (mild) < HC  

- age (y) 82.2 ± 6.6*  
- education (y) 1.7 ± 3.3*  
- 15.6% male§

- MMSE 19.7 ± 2.5* 

HC (n = 93)  
- age (y) 74.2 ± 6.5  
- education (y) 4.3 ± 3.7  
- 10.8% male  

- MMSE 26.6 ± 2.5 

Mahurin et al. (1991) USA CS 

AD (n = 18) / Stage: n.r. 

Subscale ‘money- 
related skills’ of SAILS 
(total score) 

People living with AD showed a significantly lower FDM performance than 
HC on the total score of the ‘money-related skills’ subscale. 

AD < HC  

- age (y) 66.9 ± 5.4  
- education (y) 14.1 ± 2.5  
- 50.0% male  

- MMSE 19.4 ± 3.4*  
- GDS 3.6* 

HC (n = 18)  
- age (y) 66.6 ± 6.4  
- education (y) 14.0 ± 2.6  
- 50.0% male  

- MMSE 29.0 ± 0.9  
- GDS 1.0 

Marson et al. (2000) USA CS 

AD (n = 50) / Stage: mild (n = 30) and moderate (n = 20) 

FCI (scores on domains 1- 
6)  

- People living with mild AD showed significantly lower FDM performances 
than HC on all domains of the FCI, with the exception of ‘basic monetary 
skills’.  

- People living with moderate AD showed significantly lower FDM 
performances than HC on all domains of the FCI.  

- People living with moderate AD showed significantly lower FDM 
performances than people living with mild AD on all domains of the FCI. 

AD (moderate) < AD 
(mild) ≤ HC  

- age (y) 75.2 ± 5.9  
- education (y) 12.8 ± 3.3*  
- 38.0% male  

- MMSE 20.4 ± 4.4?  

- HC (n = 23)  
- age (y) 70.3 ± 6.7  
- education (y) 15.2 ± 1.8  
- 39.1% male  

- MMSE 29.2 ± 0.9 

Marson et al. (2009)+ USA CS 

AD (n = 31) / Stage: moderate 

SCIFC (scores on domains 
1-8, total score based on 
domains 1-7)  

- People living with moderate AD were more often marginally capable or 
incapable regarding FDM than HC on the SCIFC total score and on all 
domains separately.  

- People living with mild AD were more often marginally capable or 
incapable regarding FDM than HC on the SCIFC total score and on all 
domains separately, with the exception of ‘basic monetary skills’.  

- People living with moderate AD were more often marginally capable or 
incapable regarding FDM than people living with mild AD on the SCIFC 
total score and on all domains separately, with the exception of ‘checkbook 
management’ and ‘bill payment’. 

AD (moderate) ≤ AD 
(mild) ≤ HC  

- age (y) 75.3 ± 8.4*  
- education (y) 11.1 ± 3.7*§
- 32.3% male*§

- MMSE 16.4 ± 4.2*§  

- DRS 90.7 ± 19.6*§  

- CDR 1.0 to 3.0? 

AD (n = 97) / Stage: mild  
- age (y) 72.4 ± 8.4*  
- education (y) 13.4 ± 2.1*  
- 53.6% male  

- MMSE 24.0 ± 3.1*  
- DRS 114.0 ± 12.1*  
- CDR 0.5 to 1.0? 

HC (n = 75)  
- age (y) 66.1 ± 7.7  - MMSE 29.3 ± 1.0 

(continued on next page) 
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Table 2a (continued ) 

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion  

- education (y) 14.3 ± 1.6  
- 32.0% male  

- DRS 138.7 ± 3.8  
- CDR 0.0 or 0.5 

Martin et al. (2008) USA LS 

AD (n = 55) / Stage: mild 

FCI (scores on domains 1- 
9, total score based on 
domains 1-7, total score 
based on domains 1-8)  

- People living with mild AD showed a significant deterioration after 1 year 
on the FCI total scores and on all domains separately. No significant 
deterioration was observed in HC. 

N/A  

- age (y) 70.6 ± 8.4*  
- education (y) 13.1 ± 2.3*  
- 56.4% male*  

- MMSE 24.5 ± 3.1*  
- DRS 116.2 ± 10.5*  
- CDR 0.5 or 1.0* 

HC (n = 63)  
- age (y) 66.3 ± 7.6  
- education (y) 14.4 ± 1.7  
- 31.7% male  

- MMSE 29.3 ± 1.0  
- DRS 136.7 ± 4.8  
- CDR 0e 

Martin et al. (2019)+ USA CS 

AD (n = 54) / Stage: mild 

FCI (scores on domains 1- 
9, total score based on 
domains 1-7, total score 
based on domains 1-7, 9)  

- People living with mild AD showed significantly lower FDM performances 
than HC on the FCI total scores and on all domains separately. 

AD (mild) < HC  

- age (y) 73.3 ± 8.2*  
- education (y) 13.7 ± 3.2*  
- 53.7% male  

- MMSE 24.5 ± 3.2*  
- DRS 118.4 ± 12.0*  
- CDR 0.5 to 1.0 

HC (n = 82)  
- age (y) 66.3 ± 8.5  
- education (y) 15.2 ± 2.5  
- 36.6% male  

- MMSE 29.5 ± 0.9  
- DRS 138.9 ± 3.7  
- CDR 0.0 or 0.5 

Pereira et al. (2010b)+ Brazil CS 

AD (n = 26) / Stage: n.r. 

Subscale ‘financial 
skills’ of DAFS – 
Brazilian version (total 
score)  

- People living with AD showed a significantly lower FDM performance than 
HC on the total score of the ‘financial skills’ subscale. 

AD < HC  

- age (y) 77.9 ± 6.0*  
- education (y) 8.8 ± 5.5*  
- 42.0% male?  

- MMSE 19.5 ± 5.5* 

HC (n = 32)  
- age (y) 71.6 ± 5.6  
- education (y) 13.3 ± 6.0  
- 25.0% male  

- MMSE 28.8 ± 1.5 

Sherod et al. (2009)+ USA CS 

AD (n = 43) / Stage: mild 

FCI (total score based on 
domains 1-7)  

- People living with mild AD showed a significantly lower FDM performance 
than HC on the FCI total score. 

AD (mild) < HC  

- age (y) 73.8 ± 8.5*  
- education (y) 13.6 ± 2.9*  
- 55.8% male  

- MMSE 24.6 ± 2.9*  
- DRS 118.7 ± 10.2*  
- CDR 0.5 to 2.0* 

HC (n = 85)  
- age (y) 67.2 ± 8.2  
- education (y) 15.0 ± 2.4  
- 35.3% male  

- MMSE 29.4 ± 0.9  
- DRS 138.8 ± 3.3  
- CDR 0 or 0.5 

Stoeckel et al. (2013) USA CS 

AD (n = 16) / Stage: mild 

FCI (total score based on 
domains 2, 5-7) 

People living with mild AD showed a significantly lower FDM performance 
than HC on the FCI total score. 
FDM was moderately positively correlated with grey matter volumes (MRI) of 
medial frontal cortex, dorsolateral frontal cortex, precuneus and the angular 
gyri in people living with mild AD. No significant correlation between grey 
matter volume (MRI) of hippocampi and FDM was found in people living with 
mild AD. 

AD (mild) < HC  

- age (y) 77.0 ± 8.2  
- education (y) 14.3 ± 2.5  
- 43.8% male  

- MMSE 25.1 ± 1.8*  
- DRS 118.4 ± 13.2*  
- CDR 0.5 or 1.0* 

HC (n = 16)  
- age (y) 75.0 ± 4.4  
- education (y) 14.3 ± 2.8  
- 31.3% male  

- MMSE 29.4 ± 0.7  
- DRS 137.4 ± 2.5  
- CDR 0 

Tolbert et al. (2019)+ USA CS 

AD (n = 20) / Stage: mild 

FCI – SF (score on 5 
domains and total score 
based on all domains)  

• People living with mild AD showed a significantly lower FDM performance 
than HC on the FCI – SF total score and on all domains separately.  

• FDM was mildly to moderately negatively correlated to ß-amyloid SUVr in 
people living with mild AD. 

AD (mild) < HC  

- age (y) 74.8 ± 6.5*  
- education (y) 15.5 ± 2.7*  
- 55.0% male  

- MMSE 24.3 ± 3.6*  
- CDR 0.5 or 1.0? 

HC (n = 144)  
- age (y) 71.6 ± 6.2  
- education (y) 16.8 ± 2.4  
- 48.0% male  

- MMSE 29.1 ± 1.0  
- CDR 0 

Note. All results are considered significant when p < .05. 
ACED = Assessment of Capacity for Everyday Decision-making; AD = Alzheimer’s disease; CS = Cross-Sectional study; CDR = Clinical Dementia Rating; Cho/Cr ratio = Choline-containing compounds/Creatine ratio; 
DAFS = Direct Assessment of Functional Status; DRS = Dementia Rating Scale; FACT = Financial Assessment and Capacity Test; FCAI = Financial Competence Assessment Inventory; FCI = Financial Capacity Instrument; 
FCI-SF = Financial Capacity Instrument – Short Form; FCQ = Financial Competency Questions; FDM = Financial Decision-Making; GDS = Global Deterioration Scale; HC = Healthy controls; LCPLTAS = Legal Capacity for 
Property Law Transactions Assessment Scale; LS = Longitudinal study; MMSE = Mini-Mental State Examination; MoCA = Montreal Cognitive Assessment; MRI = Magnetic Resonance Imaging; n.r. = not reported; N/A =
not applicable; NAA/CR ratio = N-Acetylaspartate/Creatine ratio; SAILS = Structured Assessment of Independent Living Skills; SCIFC = Semi-Structured Clinical Interview for Financial Capacity; SUVr ¼ Standardized 
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studies, only the baseline results were used for the meta-analysis. 
Furthermore, only the most recent published study was used in the 
meta-analysis of the two PD studies that presumably used the same 
sample (Pirogovsky et al., 2014, 2013). In total, thirty-one studies were 
included in the meta-analysis (Table 1; Fig. 1). When studies included 
more than one subgroup (e.g., MCI converters and MCI non-converters) 
and/or used more than one FDM test or total score, a combined fixed 
effect size was calculated (Borenstein et al., 2009). Using Comprehen-
sive Meta-Analysis software version 2.2.064 the pooled mean effect size 
(method: random) was calculated for each group. Hedges’ g was 
considered small when g = .20, medium when g = .50 and large when g 
= .80 (Fritz et al., 2012). Funnel plot asymmetry was tested with a 
regression method to evaluate publication bias (Egger et al., 1997). 
Finally, heterogeneity was evaluated by calculating the I2 value. I2 

values of 25%, 50% and 75% were interpreted as low, moderate and 
high heterogeneity, respectively (Higgins et al., 2003). 

3. Results 

3.1. Alzheimer’s Disease (AD) 

Twenty-five studies investigated FDM in people living with AD 
(Table 2a), evaluating 1086 people living with AD in total. Participants’ 
average age ranged from 66.9 to 83.0 years (weighted average = 74.8 
years). Most studies included people living with AD who were in a mild 
and/or moderate stage of the disease, two studies also included a group 
of people in a severe stage of AD (Giannouli et al., 2018; Giannouli and 
Tsolaki, 2014). Seven studies, however, did not specify the stage of the 
disease (Gill et al., 2019; Kershaw and Webber, 2008; Lima-Silva et al., 
2015; Loewenstein et al., 1995, 1989; Mahurin et al., 1991; Pereira 
et al., 2010b). 

All cross-sectional studies on AD reported significantly lower per-
formances on performance-based tests of FDM in people living with AD 
compared to healthy controls (Table 2a). This corresponds to the overall 
large pooled mean effect size for the difference between people living 
with AD and healthy controls that was found in the meta-analysis (g =
2.69 [2.15; 3.23], SE = 0.27, p < .001 based on 17 studies; Fig. 2). 
Significant heterogeneity was found (Q(16) = 246.6, p < .001, I2 =

93.5%). More than half of the studies that were included in the meta- 
analysis used the FCI (n = 9). Studies using the FCI reported a signifi-
cantly lower overall effect size (g = 2.17 [1.40; 2.94], SE = 0.39, p <
.001) compared to the studies using FDM tests other than the FCI (g =
3.33 [2.49; 4.16], SE = 0.43, p < .001; Q(1) = 4.00, p = .045). The effect 
size of three studies using FDM tests other than the FCI are, compared to 
the other studies, relatively high (g = 9.63 (Giannouli et al., 2018), g =
5.02 (Kershaw and Webber, 2008) and g = 4.03 (Lima-Silva et al., 2015); 
Fig. 2). Nevertheless, the overall effect size remained large and signifi-
cant when these studies are excluded (g = 2.05 [1.77; 2.33], SE = 0.14, p 
< .001 based on 14 studies). The difference between studies using the 
FCI compared to the remaining studies is, however, no longer significant 
after excluding these studies (n = 5, g = 1.80 [1.35; 2.25], SE = 0.23, p <
.001; Q(1) = 1.86, p = .173). The funnel plot showed significant 
asymmetry (p = .015; Fig. 3) with a slight right skewed distribution. 
After removal of the three studies with relatively high effect sizes, the 
funnel plot asymmetry was no longer significant (p = .476). 

The content analysis of the included studies that described the stage 
of the disease of included participants indicates that relatively simple 
aspects of FDM (e.g., ‘identifying currency’ and ‘naming coins’) seem to 
be intact in people living with mild AD, since no differences between 
people living with mild AD and healthy controls were found regarding 
these specific domains in some of the studies (Griffith et al., 2003; 
Loewenstein et al., 1989; Marson et al., 2009, 2000). However, other 
studies did find significantly lower performances in people living with 
mild AD, compared to healthy controls, on similar domains of FDM 
(Gerstenecker et al., 2019, 2017a; Martin et al., 2008). Furthermore, 
overall FDM performance (reflected by total scores) was significantly U
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Table 2b 
Overview of studies measuring financial decision-making in people living with mild cognitive impairment (k = 26).  

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion 

Arcara et al. (2019) Italy CS 

MCI (n = 40) / Type: n.r. 

NADL-F test (scores on seven domains)  
- People living with MCI showed a significantly lower FDM performance 

than HC on all domains of the NADL-F test, with the exception of 
‘reading abilities’, ‘purchase’ and ‘financial judgments’. 

MCI ≤ HC  

- age (y) n.r.a  
- education (y) 

n.r.a  

- 50.0% male  

- n.r. 

HC (n = 40)  
- age (y) n.r.a  
- education (y) 

n.r.a  
- 37.5% male  

- n.r. 

Bangen et al. (2010) USA CS 

MCI (n = 22) / Type: amnestic 

Subscale ‘managing money’ of ILS (total 
score)  

- People living with amnestic MCI showed significantly lower FDM 
performances than HC on total score of the ‘managing money’ subscale.  

- No differences were found between people living with non-amnestic MCI 
and HC.  

- No differences were found between people living with amnestic MCI and 
people living with non-amnestic MCI. 

MCI (amnestic) <
HC  - age (y) 74.9 ±

7.1  
- education (y) 

16.5 ± 2.13  
- 36.4% male  

- DRS 49.8 ± 5.7* 
MCI (non-amnestic) 
= HC 

MCI (amnestic) =
MCI (non-amnestic)  

- MCI (n = 16) / Type: non-amnestic 
age (y) 77.1 ±
8.5 
education (y) 
15.2 ± 3.2 
62.5% male 

DRS 51.3 ± 5.4* 

HC (n = 82)  
- age (y) 74.3 ±

9.4  
- education (y) 

16.0 ± 2.3  
- 63.4% male  

- DRS 55.4 ± 4.5 

Benavides-Varela 
et al. (2015) Italy CS 

MCI (n = 33) / Type: n.r. 

Subscale ‘money usage’ of NADL (total 
score)  

- People living with MCI showed a significantly lower FDM performance 
than HC on the total score of the NADL ‘money usage’ subscale. MCI < HC  

- age (y) 74.4 ±
6.0*  

- education n.r.  
- 60.6% male  

- MMSE 26.6 ± 2.5* 

HC (n = 29)  
- age (y) 67.1 ±

8.4  
- education n.r.  
- 37.9% male  

- MMSE 29.1 ± 8.4 

Clark et al. (2014)+ USA LS 

MCI converters (n = 44) / Type: n.r. 

FCI (total score based on domains 1-7, 9)  

- 35% (15/43) and 32% (11/34) of MCI converters showed significant 
decline (≥ 10 points difference) compared to baseline after 1 and 2 
years, respectively.  

- 21% (7/34) and 21% (7/33) of MCI non-converter showed significant 
decline (≥ 10 points difference) compared to baseline after 1 and 2 
years, respectively.  

- In contrast, 15.8% (6/38) and 17.6% (6/34) of HC showed significant 
decline (≥10 points difference) compared to baseline after 1 and 2 years, 
respectively. 

N/A  

- age (y) 72.8 ±
6.3  

- education (y) 
14.6 ± 3.2  

- 45.5% male  

- MMSE 27.2 ±
1.9**  

- DRS 129.0 ± 7.1** 

MCI non-converters (n = 36) / Type: n.r.  
- age (y) 71.5 ±

6.2  
- education (y) 

14.8 ± 2.9  
- 38.9% male  

- MMSE 28.4 ±
1.7**  

- DRS 133.7 ± 5.8** 

HC (n = 44)  
- age (y) 70.5 ±

7.1  
- education (y) 

14.4 ± 2.2  

- MMSE 29.3 ± 1.2  
- DRS 138.9 ± 3.9 

(continued on next page) 
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Table 2b (continued ) 

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion  

- 38.6% male 

Czaja et al. (2017) USA CS 

MCI (n = 62) / Type: amnestic 

Subscale ‘money management’ of the 
UMCFAB (total number of correct answers, 
total number of errors, and efficiency score)  

- People living with MCI showed lower FDM performances than HC on all 
scores.  

- 40% and 34% of people living with amnestic MCI were classified as 
impaired (i.e., ≤ 2SD below the mean of controls) based on the ‘total 
number of correct answers’ and ‘total number of errors’, respectively. 

MCI (amnestic) <
HC 

age (y) 75.9 ±
7.7* 
education 14.6 
± 4.0 
33.0% male 

CDR 0.5 

HC (n = 85)  
- age (y) 72.0 ±

8.3  
- education (y) 

14.5 ± 3.2  
- 23.0% male  

- CDR 0 

Duke Han et al. 
(2015) 

USA CS 

MCI (n = 114) / Type: n.r. 

Subscale FDM of DMCAT (total score)  - People living with MCI showed significantly lower FDM performances 
than HC on the total score. 

MCI 
<

HC  

- age (y) 84.3 ±
6.1*  

- education (y) 
15.4 ± 3.0  

- 30.6% male*  

- Global cognition z- 
score -0.3 ± 1.4b* 

HC (n = 586)  
- age (y) 81.1 ±

7.8  
- education (y) 

15.2 ± 3.1  
- 22.7% male  

- Global cognition z- 
score 0.4 ± 0.4b 

Gerstenecker et al. 
(2016) USA LS 

MCI (n = 51) / Type: n.r. 

FCI (scores on domains 1-7, 9)  
- People living with MCI showed a significant deterioration regarding 

FDM in the domains ‘checkbook management’, ‘bank statement 
management’, ‘bill payment’ and ‘investment decision-making’. 

N/A  

- age (y) 71.0 ±
6.6  

- education (y) 
14.9 ± 3.3  

- 54.9% male  

- Baseline:  
- MMSE 27.6 ± 1.9  
- DRS 130.9 ± 7.3  
- Year 2:  
- MMSE 25.9 ± 4.2  
- DRS 124.8 ± 14.6  
- 9 participants 

converted to AD 
no HC group 

Gerstenecker et al. 
(2017a)+

USA CS 

MCI (n = 31) / Type: amnestic 

FCI (scores on domains 1-7, total score 
based on domains 1-7)  

- People living with MCI showed significantly lower FDM performances 
than HC on the FCI total score and on all domains separately, with the 
exception of ‘basic money skills’ and ‘identifying fraud/financial 
judgment’. 

MCI (amnestic) ≤
HC  

- age (y) 71.9 ±
7.1  

- education (y) 
15.2 ± 2.5  

- 69.7% male  

- MMSE 26.9 ± 2.1*  
- DRS 130.7 ± 4.9* 

HC (n = 60)  
- age (y) 70.6 ±

7.0  
- education (y) 

16.0 ± 2.3  
- 72.1% male  

- MMSE 29.1 ± 1.2  
- DRS 138.9 ± 2.8 

Gerstenecker et al. 
(2018)+

USA CS 

MCI (n = 149) / Type: amnestic 

FCI (scores on 4 domains extracted from 
factor analyses) 

People living with MCI showed significantly lower FDM performances than 
HC on all domains, with the exception of one which was described as 
‘financial conceptual knowledge’. 

MCI (amnestic) ≤
HC  

- age (y) n.r.  
- education (y) 

n.r.  
- % male n.r.  

- n.r. 

HC (n = 179)  
- age (y) n.r.  
- education (y) 

n.r.  
- n.r. 

(continued on next page) 
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Table 2b (continued ) 

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion  

- % male n.r. 

Gerstenecker et al. 
(2019)+ USA CS 

MCI (n = 65) / Type: amnestic 

FCI (scores on domains 1-7, 9, total score 
based on domains 1-7, 9)  

- People living with MCI showed significantly lower FDM performances 
than HC on the FCI total score and on all domains separately, with the 
exception of ‘basic money skills’ and ‘identifying fraud/financial 
judgment’. 

MCI (amnestic) ≤
HC  

- age (y) 72.6 ±
7.4  

- education (y) 
15.2 ± 2.6  

- 49.2% male  

- MMSE 27.4 ± 3.2* 

HC (n = 64)  
- age (y) 70.6 ±

7.4  
- education (y) 

15.8 ± 2.3  
- 29.7% male  

- MMSE 28.7 ± 3.9 

Giannouli & Tsolaki 
(2014)+

Greece CS 

MCI (n = 46) / Type: amnestic 

FDM testc (scores on six domains)  - People living with MCI showed significantly lower FDM performances 
than HC on all domains of the FDM test. 

MCI (amnestic)<
HC  

- age (y) 69.7 ±
9.0?  

- education (y) 
9.4 ± 4.3?  

- % male n.r.  

- MMSE 26.9 ± 1.9? 

HC (n = 83)  
- age (y) 73.6 ±

9.8  
- education (y) 

8.1 ± 4.6  
- % male n.r.  

- MMSE 29.5 ± 1.2 

Giannouli et al. 
(2018)+ Greece CS 

MCI (n = 20) / Type: amnestic 

LCPLTAS (scores on seven domains, total 
score based on all domains)  

- People living with MCI showed a significantly lower FDM performance 
than HC on the LCPLTAS total score and on all domains separately. 

MCI (amnestic) <
HC  

- age (y) n.r.d  
- education (y) 

n.r.d  
- % male n.r.d  

- MMSE 27.0 ± 2.9? 

HC (n = 22)  
- age (y) n.r.d  
- education (y) 

n.r.d  
- % male n.r.d  

- MMSE 29.2 ± 0.9 

Griffith et al. 
(2003)+

USA CS 

MCI (n = 21) / Type: amnestic 

FCI (scores on domains 1-9, total score 
based on domains 1-7)  

- People living with MCI showed significantly lower FDM performances 
than HC on the total score and on the domains ‘financial concepts’, ‘bank 
statement management’ and ‘bill payment’. No differences were found 
with regard to the other domains. 

MCI (amnestic) ≤
HC  

- age (y) 68.1 ±
8.8  

- education (y) 
14.3 ± 2.2  

- 47.6% male  

- MMSE 28.4 ± 1.2  
- DRS 129.2 ± 5.7*  
- CDR 0.0 or 0.5* 

HC (n = 21)  
- age (y) 66.7 ±

7.2  
- education (y) 

14.3 ± 2.7  
- 33.3% male  

- MMSE 29.3 ± 1.0  
- DRS 137.4 ± 4.3  
- CDR 0.0 or 0.5 

Griffith et al. (2010) USA CS 

MCI (n = 38) / Type: amnestic 

FCI (total score based on domain 2, 5-7)  - People living with MCI showed a significantly lower FDM performance 
than HC on the FCI total score. 

MCI (amnestic) <
HC  

- age (y) 70.8 ±
6.4  

- education 
14.2 ± 2.6  

- 34.2% male  

- MMSE 28.2 ± 1.4* 

HC (n = 28)  
- age (y) 71.6 ±

5.4  
- MMSE 29.4 ± 1.1 

(continued on next page) 
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Table 2b (continued ) 

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion  

- education 
14.8 ± 2.6  

- 32.1% male 

Kenney et al. (2019) USA CS 

MCI (n = 160) / Type: n.r. 

Subtest ‘Bill Payment’ of the NAB (total 
score) 

People living with MCI showed significantly lower FDM performances than 
HC on the NAB ‘Bill Payment’ total score. MCI < HC  

- age (y) n.r.  
- education n.r.  
- % male n.r.  

- n.r. 

HC (n = 71)  
- age (y) n.r.  
- education n.r.  
- % male n.r.  

- n.r. 

Lassen-Greene et al. 
(2017) 

USA CS +
LS 

MCI (n = 80) / Type: n.r. 

FCI (total score based on domain 2, 3, 5, 7)  

- At baseline, people living with MCI showed a significantly lower FDM 
performance than HC on the FCI total score.  

- People living with MCI showed significant deterioration over time (in 
total 5 visits over a three-year period). No significant deterioration was 
observed in HC. 

MCI < HC  

- age (y) 70.6 ±
7.6  

- education 
15.2 ± 3.0  

- 53.8% male*  

- DRS 132.3 ± 6.9* 

HC (n = 80)  
- age (y) 68.6 ±

7.5  
- education 

15.2 ± 2.5  
- 36.3% male  

- DRS 138.6 ± 5.5 

Lui et al. (2013)+ China++ CS 

MCI (n = 92) / Type: amnestic 

‘money management’ version of ACED – 
Chinese version (scores on four domains, 
total score based on all four domains)  

- People living with MCI showed significantly lower FDM performances 
than HC on the ‘money management’ total score and on all domains 
separately, with the exception of ‘expressing a choice’. 

MCI (amnestic) 
≤HC  

- age (y) 77.8 ±
6.8*  

- education (y) 
3.0 ± 3.2*  

- 28.3% male*  

- MMSE 25.3 ± 2.6* 

HC (n = 93)  
- age (y) 74.2 ±

6.5  
- education (y) 

4.3 ± 3.7  
- 10.8% male  

- MMSE 26.6 ± 2.5 

Marson et al. 
(2009)+

USA CS 

MCI (n = 58) / Type: amnestic 

SCIFC (scores on domains 1-8, total score 
based on domains 1-7)  

- People living with MCI showed significantly lower FDM performances 
than HC on the SCIFC total score and on ‘bank statement management’, 
but not on other domains. 

MCI (amnestic) ≤
HC  

- age (y) 68.0 ±
8.3*  

- education (y) 
13.7 ± 2.0*  

- 31.0% male*  

- MMSE 28.2 ± 1.9  
- DRS 131.3 ± 7.4*  
- CDR 0.0 to 1.0 

HC (n = 75)  
- age (y) 66.1 ±

7.7  
- education (y) 

14.3 ± 1.6  
- 32.0% male  

- MMSE 29.3 ± 1.0  
- DRS 138.7 ± 3.8  
- CDR 0.0 or 0.5 

Martin et al. (2019)+ USA CS +
LS 

MCI (n = 91) / Type: n.r. 

FCI (scores on domains 1-9, total score 
based on domains 1-7, total score based on 
domains 1-7, 9)  

- People living with MCI showed significantly lower FDM performances 
than HC on the FCI total scores and on all domains separately, with the 
exception of ‘knowledge of personal finances’.  

- After 6-years follow-up, people living with MCI showed a significant 
deterioration on the FCI total scores and on all domains separately. No 
significant deterioration was observed in HC. 

MCI ≤ HC  

- age (y) 72.1 ±
6.4*  

- education (y) 
14.7 ± 3.1  

- 54.9% male  

- MMSE 27.6 ± 1.9*  
- DRS 130.6 ± 6.7*  
- CDR 0.0 to 0.5 

HC (n = 82)  
- age (y) 66.3 ±

8.5  
- MMSE 29.5 ± 0.9  
- DRS 138.9 ± 3.7 

(continued on next page) 
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Table 2b (continued ) 

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion  

- education (y) 
15.2 ± 2.5  

- 36.6% male  
- CDR 0.0 or 0.5 

Niccolai et al. (2017) USA LS 

MCI (n = 48) / Type: amnestic 

FCI (total score based on domains 1-7)  

- After 2-year follow-up, people living with MCI showed a significant 
deterioration on the FCI total score compared to baseline. No significant 
deterioration was observed in HC.  

- The FCI total score at baseline was not significantly correlated with the 
change score of the FCI total score. 

N/A  

- age (y) 71.4 ±
6.4*  

- education 
14.7 ± 3.3  

- 54.2% male  

- MMSE 27.6 ± 1.9*  
- DRS 131.1 ± 7.4* 

HC (n = 66)  
- age (y) 66.3 ±

8.6  
- education 

15.1 ± 2.4  
- 36.4% male  

- MMSE 29.6 ± 0.8  
- DRS 139.0 ± 3.3 

Okonkwo et al. 
(2006) 

USA CS 

MCI (n = 43) / Type: amnestic/non- 
amnestic 

FCI (scores on domains 2, 3, 5, 7)  - People living with MCI showed significantly lower FDM performances 
than HC on all FCI domains, with the exception of ‘cash transactions’. 

MCI (amnestic/non- 
amnestic) ≤ HC  

- age (y) 69.5 ±
8.2  

- education 
14.7 ± 3.0  

- 55.8% male  

- MMSE 28.5 ± 1.5*  
- DRS 132.9 ± 6.9* 

HC (n = 43)  
- age (y) 66.8 ±

7.4  
- education 

15.1 ± 2.5  
- 37.2% male  

- MMSE 29.4 ± 0.9  
- DRS 138.3 ± 6.5 

Okonkwo et al. 
(2009) USA CS 

MCI (n = 57) / Type: amnestic 

FCI (total score based on domain 2, 3, 5, 7)  
- Significantly more people living with MCI (39.3%) showed some 

difficulty (≤ 1.5SD below the mean of controls) with FDM on the FCI 
total score than HC (6.2%). 

MCI (amnestic) ≤
HC  

- age (y) 70.1 ±
8.1  

- education 
15.4 ± 3.0  

- 52.6% male  

- DRS 133.0 ± 7.9*  
- GDS 4.5 ± 4.4 

HC (n = 68)  
- age (y) 67.9 ±

7.4  
- education 

15.1 ± 2.5  
- 38.2% male  

- DRS 139.4 ± 3.9  
- GDS 4.0 ± 5.2 

Pereira et al. 
(2010b)+ Brazil 

CS +
LS 

MCI (n = 31) / Type: amnestic / non- 
amnestic 

Subscale ‘financial skills’ of DAFS – 
Brazilian version (total score)  

- People living with MCI showed a significantly lower FDM performance 
than HC on the total score of the ‘financial skills’ subscale.  

- No significant differences were found between MCI subtypes and 
between MCI converters (n = 8, follow-up at 15.7 ± 3.7 months) and 
non-converters (n = 23, follow-up at 17.1 ± 4.1 months).  

- FDM (total score of the ‘financial skills’ subscale) was moderately 
negatively correlated with total tau and phospho-Ttau181 concentrations 
in cerebrospinal fluid in people living with MCI. 

MCI (amnestic/non- 
amnestic) < HC  

- age (y) 72.9 ±
7.0  

- education (y) 
8.5 ± 5.5*  

- 26.0% male?  

- MMSE 27.3 ± 2.3 

MCI (amnestic) =
MCI (non-amnestic) 

MCI (converters) =
MCI (non- 
converters) 

HC (n = 32)  
- age (y) 71.6 ±

5.6  
- education (y) 

13.3 ± 6.0  
- 25.0% male  

- MMSE 28.8 ± 1.5 

Sherod et al. (2009)+ USA CS 

MCI (n = 113) / Type: amnestic 

FCI (total score based on domains 1-7)  - People living with MCI showed a significantly lower FDM performance 
than HC on the FCI total score. 

MCI (amnestic) <
HC  

- age (y) 70.3 ±
7.4*  

- MMSE 28.1 ± 1.9*  
- DRS 130.9 ± 6.4*  
- CDR 0 or 0.5* 

(continued on next page) 
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Table 2b (continued ) 

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion  

- education (y) 
14.6 ± 3.2  

- 43.4% male 
HC (n = 85)  
- age (y) 67.2 ±

8.2  
- education (y) 

15.0 ± 2.4  
- 35.3% male  

- MMSE 29.4 ± 0.9  
- DRS 138.8 ± 3.3  
- CDR 0 or 0.5 

Tolbert et al. 
(2019)+

USA CS 

MCI (n = 79) / Type: amnestic 

FCI – SF (score on 5 domains and total score 
based on all domains)  

- People living with MCI showed a significantly lower FDM performance 
than HC on the FCI – SF total score and on all domains separately, with 
the exception of ‘mental calculation’. 

MCI (amnestic) ≤
HC  

- age (y) 71.4 ±
6.7  

- education (y) 
16.3 ± 2.8  

- 57.0% male  

- MMSE 27.8 ± 2.4*  
- CDR 0 or 0.5? 

HC (n = 144)  
- age (y) 71.6 ±

6.2  
- education (y) 

16.8 ± 2.4  
- 48.0% male  

- MMSE 29.1 ± 1.0  
- CDR 0 

Triebel et al. (2009) USA LS 

MCI converters (n = 25) / Type: n.r. 

FCI (scores on domains 1-7, 9, total score 
based on domains 1-7, total score based on 
domains 1-7, 9)  

- After 1-year follow-up, MCI converters showed significantly steeper 
deteriorations than HC and MCI non-converters on the FCI total scores 
and domain ‘checkbook management’. No significant deterioration was 
observed in HC and MCI non-converters. 

N/A  

- age (y) 74.4 ±
6.0§

- education (y) 
14.4 ± 3.3  

- 44.0% male  

- MMSE 27.0 ±
1.9§*  

- DRS 127.4 ± 5.8§*  
- CDR 0.5* 

MCI non-converters (n = 62) / Type: n.r.  
- age (y) 68.5 ±

7.5  
- education (y) 

15.2 ± 2.8  
- 45.2% male  

- MMSE 28.6 ± 1.4*  
- DRS 134.2 ± 5.9*  
- CDR 0.5* 

HC (n = 76)  
- age (y) 66.7 ±

8.5  
- education (y) 

15.0 ± 2.3  
- 36.8% male  

- MMSE 29.4 ± 1.0  
- DRS 138.6 ± 3.4  
- CDR 0 

Note. All results are considered significant when p < .05. 
ACED = Assessment of Capacity for Everyday Decision-making; CS = Cross-Sectional study; CDR = Clinical Dementia Rating; DMCAT = Decision Making Competence Assessment Tool; DRS = Dementia Rating Scale; 
DAFS = Direct Assessment of Functional Status; FCI = Financial Capacity Instrument; FCI-SF = Financial Capacity Instrument -Short Form; FDM = Financial Decision-Making; GDS = Global Deterioration Scale; HC =
Healthy controls; ILS = Independent Living Scale; LCPLTAS = Legal Capacity for Property Law Transactions Assessment Scale; LS = Longitudinal Study; MCI = Mild Cognitive Impairment; MMSE = Mini-Mental State 
Examination; n.r. = not reported; N/A = not applicable; NAB = Neuropsychological Assessment Battery; NADL = Numerical Activities of Daily Living; NADL-F = Numerical Activities of Daily Living – Financial; SCIFC =
Semi-Structured Clinical Interview for Financial Capacity; UMCFAB = University of Miami Computer-Based Functional Assessment Battery. 
a Participants were matched based on age and level of education. 
b Global cognition = average z-score based on nineteen measures of cognition. 
c No official name of test reported, test is likely a pilot version of the LCPLTAS. 
d Participants were matched based on sex, level of education and age. 
+ Study included more than one NDD group. 
++ In collaboration with authors from other countries. 
* Significant difference between people living with MCI and HC. 
§ Significant difference with other NDD group(s). 
? Group differences not analyzed/reported. 
< Performances significantly worse on all FDM outcome measures. 
≤ Performances significantly worse on some FDM outcome measures, but not all. 
= Performances are equal on all FDM outcome measures. 

D.F. Bangm
a et al.                                                                                                                                                                                                                              



Neuroscience and Biobehavioral Reviews 127 (2021) 709–739

725

lower in people living with mild AD compared to healthy controls in all 
studies that included people living with mild AD. Four studies (Gian-
nouli et al., 2018; Giannouli and Tsolaki, 2014; Marson et al., 2009, 
2000) divided the included participants in multiple subgroups based on 
disease severity which enabled the comparison of people living with AD 
in different disease stages. These studies indicate that when the disease 
progresses to more moderate or severe stages, people living with AD 
show difficulties with all aspects of FDM compared to healthy controls 
and performed significantly worse on FDM tests than people living with 
mild AD. 

3.1.1. Longitudinal studies 
Significant deterioration of FDM over a one-year period was 

observed in people living with AD in three independent follow-up 
studies (Clark et al., 2014; Loewenstein et al., 1995; Martin et al., 
2008). Decline was found for all domains of FDM, measured with the 
DAFS (Loewenstein et al., 1995) and the FCI (Clark et al., 2014; Martin 
et al., 2008), with the exception of ‘knowledge about assets and estate’ 
(experimental domain of the FCI; Martin et al., 2008). Although the 
differences between baseline and follow-up were significant in all 

studies, the clinical relevance of the observed decline is unclear, since 
the differences in scores after a one-year period were sometimes less 
than one point on subscales with scoring ranges from 0 – 3 or 0 – 8, 
depending on the subscale (Loewenstein et al., 1995). Clark and col-
leagues (2014) defined significant decline as a drop of more than 10 
points on the FCI compared to a previous assessment. According to this 
definition, at a follow-up of one-year, almost half of the people living 
with AD (45.5%) that were included in the study showed a significant 
decline on the FCI compared to baseline; after two-year follow-up an 
additional 20% of participants showed decline compared to the assess-
ment at one-year follow-up. It has to be taken into account, however, 
that only eleven and five participants, respectively, were assessed after 
the one-year and two-year follow-up. 

3.1.2. The association between FDM and cognition in people living with AD 
A summary of the cognitive functions that were evaluated in relation 

to FDM can be found in Table 3. Significant moderate to strong positive 
correlations between FDM performances and global cognition, as 
measured with, e.g., the Mini-Mental State Examination or Dementia 
Rating Scale, are found in people living with AD (Griffith et al., 2007; 

Table 2c 
Overview of studies measuring financial decision-making in people living with frontotemporal dementia (k = 3)  

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion 

Giannouli 
et al. 
(2018)+

Italy CS 

FTD (n = 17) / Type: n.r. 

LCPLTAS (scores on seven 
domains, total score based on all 
domains)  

- People living with FTD showed a significantly 
lower FDM performance than HC on the 
LCPLTAS total score and on all domains 
separately. 

FTD < HC  

- age (y) n.r.a  
- education (y) 

n.r.a  
- % male n.r.a  

- MMSE 
16.8 ±
6.0? 

HC (n = 22)  
- age (y) n.r.a  
- education (y) 

n.r.a  
- % male n.r.a  

- MMSE 
29.2 ±
0.9 

Gill et al. 
(2019)+ Canada++ CS 

FTD (n = 15) / Type: 
behavioral variant 

FACT (scores on eight domains and 
total score based on all domains) & 
FCAI (scores on six domains, total 
score based on all domains)  

- People living with FTD showed a significantly 
lower FDM performance than HC on the FACT 
total score and on all domains separately, with 
the exception of ‘reading/writing’ and ‘rational 
beliefs about money’.  

- People living with FTD showed a significantly 
lower FDM performance than HC on the FCAI 
total score and all domains separately, with the 
exception of ‘debt management’. 

FTD ≤ HC  

- age (y) 67.5 
± 8.7  

- education (y) 
13.9 ± 2.7  

- 46.7% male?  

- MoCa 
19.1 ±
4.7* 

HC (n = 20)  
- age (y) 67.9 
± 8.9  

- education (y) 
13.7 ± 2.9  

- 40.0% male  

- MoCa 
27.3 ±
1.9 

Lima-Silva 
et al. 
(2015)+

Brazil CS 

FTD (n = 20) / Type: 
behavioral variant 

Subscale ‘financial skills’ of 
DAFS – Brazilian version (total 
score) 

People living with FTD showed a significantly 
lower FDM performance than HC on the 
‘financial skills’ total score. 

FTD < HC  

- age (y) 67.1 
± 6.6  

- education (y) 
9.6 ± 5.9  

- 70.0% male  

- MMSE 
23.5 ±
4.3  

- CDR 1.0 

HC (n = 34)  
- age (y) 65.4 
± 5.9  

- education (y) 
9.6 ± 3.9  

- 62.8% male  

- MMSE 
25.5 ±
1.3  

- CDR n.r. 

Note. All results are considered significant when p < .05. 
CDR = Clinical Dementia Rating; CS = Cross-Sectional study; DAFS = Direct Assessment of Functional Performance; FACT = Financial Assessment and Capacity Test; 
FCAI = Financial Competence Assessment Inventory; FDM = financial decision-making; FTD = frontotemporal dementia; HC = healthy controls; LCPLTAS = Legal 
Capacity for Property Law Transactions Assessment Scale; MMSE = Mini-Mental State Examination; MoCa = Montreal Cognitive Assessment; n.r. = not reported. 
a Participants were matched based on sex, level of education and age. 
+ Study included more than one NDD group. 
++ In collaboration with authors from other countries. 
* Significant difference between people living with FTD and HC. 
? Group differences not analyzed/reported. 
< Performances significantly worse on all FDM outcome measures. 
≤ Performances significantly worse on some FDM outcome measures, but not all. 
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Table 2d 
Overview of studies measuring financial decision-making in people living with Parkinson’s disease (k = 6)a  

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion 

Giannouli & 
Tsolaki 
(2014)+

Italy CS 

PD (n = 10) 

FDM testb (scores on six 
domains)  

- People living with PD showed significantly 
lower FDM performances than HC on all 
domains of the FDM test. 

PD < HC  

- age (y) 75.6 
± 10.0?  

- education (y) 
8.5 ± 5.2?  

- % male n.r.  

- MMSE 24.3 
± 4.8?  

- UPDRS n.r.  
- H&Y n.r. 

HC (n = 83)  
- age (y) 73.6 
± 9.8  

- education (y) 
8.1 ± 4.6  

- % male n.r.  

- MMSE 29.5 
± 1.2 

Giannouli et al. 
(2018)+

Italy CS 

PD with dementia (n = 17) 

LCPLTAS (scores on seven 
domains, total score based on 
all domains)  

- People living with PDD showed a 
significantly lower FDM performance than 
HC on the LCPLTAS total score and on all 
domains separately. 

PDD < HC  

- age (y) n.r.c  
- education (y) 

n.r.c  
- % male n.r.c  

- MMSE 21.6 
± 4.5?  

- UPDRS n.r.  
- H&Y n.r. 

HC (n = 22)  
- age (y) n.r.c  
- education (y) 

n.r.c  
- % male n.r.c  

- MMSE 29.2 
± 0.9 

Giannouli & 
Tsolaki 
(2019) 

Italy CS 

PD with dementia without 
depression (n = 16) 

LCPLTAS (total score based 
seven domains)  

- People living with PDD with and without 
depression showed a significantly lower 
FDM performance than HC with and 
without depression on the LCPLTAS total 
score.  

- People living with PDD with depression 
showed a significantly lower FDM 
performance than people living with PDD 
without depression on the LCPLTAS total 
score. 

PDD < HC  

- age (y) 77.2 
± 7.4  

- education (y) 
8.1 ± 93.6  

- % male n.r.c  

- MMSE 24.8 
± 1.8?  

- UPDRS n.r.  
- H&Y n.r. 

PD with dementia and 
depression (n = 14)  
- age (y) 74.7 
± 10.4  

- education (y) 
9.2 ± 4.9  

- % male n.r.c  

- MMSE 19.9 
± 3.3?  

- UPDRS n.r.  
- H&Y n.r. 

HC without depression (n = 16)  
- age (y) 77.1 
± 7.5  

- education (y) 
8.2 ± 3.4  

- % male n.r.c  

- MMSE 29.6 
± 0.6 

HC with depression (n = 14)  
- age (y) 74.8 
± 10.1  

- education (y) 
8.9 ± 4.3  

- % male n.r.c  

- MMSE 29.4 
± 0.6? 

Martin et al. 
(2013) 

USA CS 

PD with dementia (n = 17) 

FCI (scores on domains 1-9, 
total score based on domains 
1-7 and total score based on 
domains 1-7, 9) 

- People living with PD-MCI showed signifi-
cantly lower FDM performances than HC on 
the FCI total score and on the domains 
‘basic monetary skills’, ‘financial concepts’ 
and ‘investment decisions’. No significant 
differences were found between people 
living with PD-MCI and HC regarding all 
other domains.  

- People living with PDD showed 
significantly lower FDM performances than 
HC and people living with PD-MCI on the 
FCI total score and on all domains sepa-
rately, with the exception of ‘financial 
judgment’ and ‘knowledge of assets/estate 
arrangement’. 

PDD ≤ PD-MCI ≤
HC  

- age (y) 71.0 
± 6.1  

- education (y) 
15.1 ± 3.3  

- 76.5% male  

- DRS 116.8 
± 14.1*  

- CDR 0.5 to 
1.0*§

- UPDRS-10 
11.9 ± 3.9§

- H&Y n.r. 
PD with MCI (n = 18)  

- age (y) 66.9 
± 9.3  

- education (y) 
14.7 ± 2.5  

- 50.0% male  

- DRS 134.7 
± 5.1  

- CDR 0.5*  
- UPDRS-10 

8.2 ± 3.9  
- H&Y n.r. 

HC (n = 20)  
- age (y) 69.5 
± 8.1  

- education (y) 
15.2 ± 2.7  

- 50.0% male  

- DRS 139.5 
± 3.0  

- CDR 0 

Pirogovsky 
et al. (2012) 

USA CS 

PD (n = 33) 

AFT (total score) 

People living with PD showed significantly 
lower FDM performances than HC on the AFT 
total score. Group differences remained 
significant after exclusion of people living 
with PDD (n = 7). 

PD < HC  
- age (y) 71.2 
± 1.4  

- education (y) 
16.6 ± 0.4  

- DRS 137.3 
± 1.2*  

- UPDRS n.r. 

(continued on next page) 
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Table 2d (continued ) 

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion  

- 72.7% male  
- H&Y 

(median) 
2.5 

HC (n = 26)  
- age (y) 69.8 
± 1.3  

- education (y) 
16.4 ± 0.5  

- 65.4% male  

- DRS 140.6 
± 0.5 

Pirogovsky 
et al. (2013, 
2014)a 

USA CS 

PD with MCI (n = 41) 

Subscale ‘finances’ of the 
UCSD performance-based 
skills assessment (total 
score)  

- When combining both PD groups, people 
living with PD showed significantly lower 
FDM performances than HC on the total 
score of the ‘finances’ subscale. 

- People living with PD-MCI showed signifi-
cantly lower FDM performances than HC on 
the total score of the ‘finances’ subscale. No 
differences in FDM were found between 
people living with PD-MCI and people 
living with PD who were cognitively unaf-
fected and between people living with PD 
who were cognitively unaffected and HC. 

PD < HC  

- age (y) 69.2 
± 7.1  

- education (y) 
15.8 ± 2.8**  

- 73.2% male  

- DRS 136.7 
± 4.0**  

- UPDRS 23.1 
± 12.3  

- H&Y 
(median) 2 

PD-MCI < HC 

PD cognitively unaffected (n =
56) 

PD cognitively 
unaffected = PD- 
MCI and HC  

- age (y) 66.7 
± 7.5  

- education (y) 
17.1 ± 2.4  

- 58.9% male  

- DRS 140.1 
± 2.9  

- UPDRS 25.6 
± 12.3  

- H&Y 
(median) 2 

HC (n = 47)  
- age (y) 67.1 
± 8.7  

- education (y) 
16.4 ± 2.5  

- 46.8% male  

- DRS 140.4 
± 3.6 

Note. All results are considered significant when p < .05. 
AFT = Advanced Finances Test; CDR = Clinical Dementia Rating; CS = Cross-Sectional study; DRS = Dementia Rating Scale; FCI = Financial Capacity Instrument; 
FDM = Financial Decision-Making; H&Y = Hoehn and Yahr stage; HC = Healthy controls; LCPLTAS = Legal Capacity for Property Law Transactions Assessment Scale; 
MCI = Mild Cognitive Impairment; MMSE = Mini-Mental State Examination; n.r. = not reported; PD = Parkinson’s disease; PDD = Parkinson’s disease dementia; PD- 
MCI = Parkinson’s disease with mild cognitive impairment; UCSD = University of California, San Diego; UPDRS = Unified Parkinson’s Disease Rating Scale. 
a Two studies used the same sample and are therefore considered and described as one study. 
b No official name of test reported, test is likely a pilot version of the LCPLTAS. 
c Participants were matched based on sex, level of education and age. 
+ Study included more than one NDD group. 
* Significant difference between people living with PD and HC. 
§ Significant difference with other NDD group(s). 
? Group differences not analyzed/reported. 
< Performances significantly worse on all FDM outcome measures. 
≤ Performances significantly worse on some FDM outcome measures, but not all. 
= Performances are equal on all FDM outcome measures 

Table 2e 
Overview of studies measuring financial decision-making in people living with multiple sclerosis (k = 3)  

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion 

Gerstenecker 
et al. (2017b) 

USA CS 

MS (n = 22) / Type: primary 
progressive and secondary 
progressive 

FCI (scores on domains 1-7, 9, 
total score based on domains 1-7, 
9)  

- People living with MS showed a 
significantly lower FDM performance 
than HC on the FCI total score and on 
all domains separately, with the 
exception of ‘financial judgment’ and 
‘bill payment’.  

- In people living with MS, 36.4% were 
classified as severely impaired (degree 
of impairment ≤ 2.5a) and 13.6% 
were classified as mild/moderately 
impaired (degree of impairment ≤ 1.5 
to > 2.5a) based on the FCI total score. 

MS ≤ HC  

- age (y) 49.4 
± 8.7  

- education 
(y) 13.6 ±
2.5  

- 40.9% male  

- Global 
cognition n.r.  

- Onset MS (y) 
≥ 5  

- EDSS 5.9 ±
1.0 

HC (n = 18)  
- age (y) 48.6 
± 8.8  

- education 
(y) 13.8 ±
2.0  

- 33.3% male  

- Global 
cognition n.r. 

Goverover 
et al. (2016) USA CS 

MS (n = 30) / Type: relapsing 
remitting, primary progressive 
and secondary progressive 

Money management skills 
assessed with a website-based 
AR test (score on five goal-  

• People living with MS showed a 
significantly lower FDM performance 
than HC on the AR test total score. 
More specifically, people living with 

MS ≤ HC 

(continued on next page) 
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Table 2f 
Overview of the study measuring financial decision-making in people living with Huntington’s disease (k = 1)  

Study Country Design Sample characteristics FDM task 
(scale) 

Main outcome Conclusion 

Sheppard et al. 
(2017) USA CS 

HD (n = 20) / Stage: symptomatic 

AFT (total 
score)  

- People living with HD showed significantly lower FDM 
performances than HC on the AFT total score. HD < HC  

- age (y) 58.8 ±
12.3  

- education (y) 
15.2 ± 3.1  

- 45.0% male  

- MDRS 133.7 ± 8.4  
- Age of disease onset 

(y) 50.4 ± 2.8  
- UHDRS-TFCS 9.4 ±

0.7  
- CAG 42.0 ± 0.6 

HC (n = 20)  
- age (y) 61.0 ±

13.7  
- education (y) 

16.5 ± 2.6  
- 40.0% male  

- MDRS 141.4 ± 2.4 

Note. All results are considered significant when p < .05. 
AFT = Advanced Finances Test; CAG = number of C-A-G repeats; CS = Cross-Sectional study; FDM = Financial decision-making; HD = Huntington’s disease; HC =
Healthy controls; MDRS = Mattis Dementia Rating Scale; UHDRS-TFCS = Unified Huntington’s Disease Rating Scale - Total Functional Capacity Score. 
< Performances significantly worse on all FDM outcome measures. 

Table 2e (continued ) 

Study Country Design Sample characteristics FDM task (scale) Main outcome Conclusion 

directed actions, total score on 
five goal-directed actions) 

MS showed significantly more errors 
than HC with regard to ‘credit card 
use’ and ‘performing at an efficient 
pace’ on the AR test. No group 
differences between people living 
with MS and HC were found on the 
other goal-directed actions.  

- age (y) 47.9 
± 10.6  

- education 
(y) 16.3 ±
2.0  

- 23.3% male  

- Global 
cognition n.r.  

- Disease 
duration 
(mo) 95.9 ±
53.3  

- MSFC (z) -1.3 
± 2.0 

HC (n = 23)  
- age (y) 50.0 
± 9.4  

- education 
(y) 16.0 ±
2.3  

- 43.5% male  

- Global 
cognition n.r. 

Tracy et al. 
(2017) USA CS 

MS cognitively impaired (n =
14) / Type: relapsing remitting 
and uncertain 

FCI (scores on domains 1-7, 9, 
total score based on domains 1-7, 
9)  

- Cognitively impaired people living 
with MS showed significantly lower 
FDM performances than HC and 
cognitively unaffected people living 
with MS on the FCI total score and on 
all domains separately, with the 
exception of ‘cash transactions’ and 
‘financial judgment’.  

- No significant differences were found 
between cognitively unaffected 
people living with MS and HC 
regarding the performances on the 
FCI. 

MS cognitively 
impaired ≤ MS 
cognitively 
unaffected = HC  

- age (y) 46.8 
± 11.1  

- education 
(y) 14.2 ±
1.9  

- 28.6% male  

- Global 
cognition n.r.  

- Disease 
duration n.r.  

- TTFW 45.2 ±
73.3 

MS cognitively unaffected (n =
20) Type: relapsing remitting, 
secondary progressive, 
progressive relapsing and 
uncertain  
- age (y) 44.3 
± 11.7  

- education 
(y) 15.3 ±
2.5  

- 15.0% male  

- Global 
cognition n.r.  

- Disease 
duration n.r.  

- TTFW 25.2 ±
54.7 

HC (n = 16)  
- age (y) 44.3 
± 13.4  

- education 
(y) 14.2 ±
2.1  

- 37.5% male  

- Global 
cognition n.r. 

Note. All results are considered significant when p < .05. 
AR test = Actual Reality test; CS = Cross-Sectional study; EDSS = Expanded Disability Status Score; FCI = Financial Capacity Instrument; FDM = Financial Decision- 
Making; HC = Healthy controls; MS = Multiple Sclerosis; MSFC = Multiple Sclerosis Functional Composite score; n.r. = not reported; TTFW = Timed 25-Foot Walk. 
a Degree of impairment = (mean_HC – score_person living with MS) / SD_HC. 
< Performances significantly worse on all FDM outcome measures. 
≤ Performances significantly worse on some FDM outcome measures, but not all. 
= Performances are equal on all FDM outcome measures. 
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Kershaw and Webber, 2008; Martin et al., 2008; Stoeckel et al., 2013). 
Two studies, however, did not find significant correlations between 
financial competence and global cognition (Bassett, 1999; Sherod et al., 
2009). When looking at specific cognitive domains, it was found that a 
slower processing speed was significantly related to lower scores on 
FDM tests of people living with AD (Bassett, 1999; Sherod et al., 2009). 
According to Bassett (1999), processing speed even predicted 81.3% of 
variance of the performance of people living with AD on a FDM test (i.e., 

FCQ). However, another study that focused on processing speed, as well 
as on other measures of cognition, found that only 10% of variance of 
the performances on the FCI of people living with AD could be explained 
by processing speed (Sherod et al., 2009). In this latter study, 46% of 
variance was explained by numeracy and 9% of variance of the FCI 
performance could be explained by verbal short-term memory. Other 
studies also reported significant correlations between FDM and 
numeracy (Earnst et al., 2001; Kershaw and Webber, 2008), verbal 

Fig. 2. Forrest plot of studies measuring financial decision-making in people living with Alzheimer’s disease (AD), mild cognitive impairment (MCI), frontotemporal 
dementia (FTD), Parkinson’s disease (PD) or multiple sclerosis (MS). 
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memory (Bassett, 1999; Sherod et al., 2009) and working memory 
(Earnst et al., 2001; Kershaw and Webber, 2008). One study, however, 
failed to find a significant association between FDM and memory 
(Stoeckel et al., 2013). Inconclusive results are found with regard to the 
association between FDM and attention and executive functions (Sherod 
et al., 2009; Stoeckel et al., 2013) in people living with AD. Furthermore, 
no significant association was found between visuospatial abilities and 
FDM in people living with AD (Sherod et al., 2009; Stoeckel et al., 2013). 

3.1.3. Influence of age, sex, education and symptoms of depression in 
people living with AD 

In general there are no indications that age has an influence on FDM 
in people living with AD, since no significant correlations were reported 
(Bassett, 1999; Mahurin et al., 1991; Martin et al., 2008). Nevertheless, 
significant differences between people living with AD and people living 
with FTD on an FDM tests (i.e., FACT total score and FCAI appreciation 
scale) were no longer significant when controlling for age (Gill et al., 
2019), assuming some influence of age. Giannouli et al. (2018) reported 
that years of education are a better predictor of financial capacity as 
examined with the LCPLTAS than classic neuropsychological measures 
and other demographic factors in a dementia sample (i.e., a mixed 
sample of people living with AD and people living with other types of 
dementia). The number of years of education was also a significant 
predictor of performances on seven out of eight FCI domains in people 
living with AD (Martin et al., 2008). These associations could, however, 
not be confirmed by two other studies (Bassett, 1999; Mahurin et al., 
1991). Sex was found to be a significant predictor of one out of eight FCI 
domains (Martin et al., 2008). No significant correlations were found 
between performances on FDM tests and scores on depression ques-
tionnaires (Mahurin et al., 1991; Martin et al., 2008). 

3.2. Mild Cognitive Impairment(MCI) 

Twenty-six studies investigated FDM in people living with MCI. In 
total, 1727 people living with MCI were included in these studies and 
the average age of people living with MCI ranged from 68.0 to 84.3 years 
(weighted average = 72.9 years). In most studies, participants were 

diagnosed with single- or multiple-domain amnestic MCI (Table 2b). 
However, not all studies reported the subtype of MCI of the participants 
that were included (Arcara et al., 2019; Benavides-Varela et al., 2015; 
Clark et al., 2014; Duke Han et al., 2015; Gerstenecker et al., 2016; 
Kenney et al., 2019; Lassen-Greene et al., 2017; Martin et al., 2019; 
Triebel et al., 2009). Some studies used a mixed MCI group including 
both single- and/or multiple-domain amnestic and non-amnestic MCI 
(Bangen et al., 2010; Okonkwo et al., 2006; Pereira et al., 2010b) and 
three studies divided their sample in people living with MCI who pro-
gressed to AD and people living with MCI who showed no progression at 
follow-up (e.g., MCI converters vs. MCI non-converters, respectively; 
Bangen et al., 2010; Clark et al., 2014; Triebel et al., 2009). 

All cross-sectional studies on MCI reported that participants showed 
significantly lower total scores on tests of FDM compared to healthy 
controls (Table 2b). Some aspects of FDM appear to remain intact in 
people living with MCI, although results are mixed. Most consistently, 
studies reported difficulties with ‘financial conceptual knowledge’, 
‘checkbook management’, ‘bank statement management’ and ‘bill pay-
ment’ in people living with MCI compared to healthy controls (Ger-
stenecker et al., 2016, 2017a, 2019; Giannouli et al., 2018; Griffith et al., 
2003; Martin et al., 2019; Okonkwo et al., 2006). The domains ‘basic 
monetary skills’ and ‘financial judgment’ of the FCI seem to remain 
relatively intact in people living with MCI (Gerstenecker et al., 2019, 
2017a, 2016; Griffith et al., 2003). Furthermore, people living with MCI 
appear to have no difficulties with ‘expressing a choice’ when making 
financial decisions (Lui et al., 2013), but need more time than healthy 
controls to complete a FDM task (Lassen-Greene et al., 2017; Okonkwo 
et al., 2006). In a computer-based simulation task, people living with 
MCI were found to have more difficulties than healthy controls with the 
use of an ATM (Czaja et al., 2017). 

As expected, and in accordance with the findings mentioned above, 
an overall medium to large pooled mean effect size was found in the 
meta-analysis when comparing the performances of people living with 
MCI and healthy controls on tests of FDM (g = 0.95 [0.78; 1.11], SE =
0.08, p < .001 based on 16 studies; Fig. 2). Significant heterogeneity 
was, however, found (Q(15) = 55.2, p < .001, I2 = 72.8%). More than 
half of the studies on MCI used the FCI (n = 9) and for these studies a 

Fig. 3. Funnel plots of studies measuring financial decision-making in people living with Alzheimer’s disease (AD), mild cognitive impairment (MCI), frontotemporal 
dementia (FTD), Parkinson’s disease (PD) or multiple sclerosis (MS) included in the meta-analysis. An asymmetric funnel plot indicates publication bias. 
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significantly larger pooled mean effect size was found (g = 1.09 [0.92; 
1.25], SE = 0.09, p < .001; Q(1) = 8.80, p = .003) compared to the seven 
studies using FDM tests other than the FCI (g = 0.70 [0.52; 0.89], SE =
0.10, p < .001). The funnel plot showed a significant asymmetry (p =
.005; Fig. 3). 

One study (Bangen et al., 2010) compared people living with 
amnestic MCI, people living with non-amnestic MCI and healthy con-
trols and only found significant differences between people living with 
amnestic MCI and healthy controls, while other group comparisons were 
not significant. These findings are consistent with another study 
comparing people living with different subtypes of MCI (Pereira et al., 
2010b). Interestingly, based on binary logistic regression, the ‘money 
management’ subscale of the ILS was a significant contributor in the 
prediction of the subtype of MCI (i.e., amnestic or non-amnestic MCI; 

Bangen et al., 2010). 

3.2.1. Longitudinal studies 
Over time, people living with MCI showed a significant deterioration 

on multiple domains of FDM (Clark et al., 2014; Gerstenecker et al., 
2016; Lassen-Greene et al., 2017; Martin et al., 2019; Niccolai et al., 
2017; Pereira et al., 2010b; Triebel et al., 2009). In one study (Triebel 
et al., 2009), after a one-year follow-up, 18% of participants converted 
from MCI to AD and showed a stronger deterioration than MCI 
non-converters on overall FDM (i.e., total score) and, more specifically, 
on ‘checkbook management’ of the FCI. Furthermore, deterioration was 
found in people living with MCI after two-years for ‘checkbook man-
agement’, ‘bank statement management’, ‘bill payment’ and ‘investment 
decision making’ of the FCI (Gerstenecker et al., 2016). Two other 

Table 3 
Associations between FDM and cognition in people living with neurodegenerative diseases. (Bassett 1999; Earnst et al. 2001; Griffith et al. 2007; Kershaw & Webber 
2008; Martin et al. 2008; Sherod et al. 2009; Stoeckel et al. 2013; Arcara et al. 2019; Bangen et al. 2010; Benavides-Varela et al. 2015; Czaja et al. 2017; Duke Han et al. 
2015; Gerstenecker et al. 2016; Griffith et al. 2010; Niccolai et al. 2017; Niccolai et al. 2017; Okonkwo et al. 2006; Sherod et al. 2009; Clark et al. 2014; Lui et al. 2013; 
Giannouli & Tsolaki 2014; Giannouli et al. 2018; Giannouli & Tsolaki 2019; Pirogovsky et al. 2012; Pirogovsky et al. 2013;2014; Gerstenecker et al. 2017b;Goverover 
et al., 2016; Tracy et al. 2017; Sheppard et al. 2017;)  

Note. All correlations are in the expected direction (e.g., poorer performances on a test of cognition are associated with poorer performances on test of FDM). Empty 
gray cell means that cognitive domains were not evaluated. AD = Alzheimer’s disease; ACED = Assessment of Capacity for Everyday Decision-making; AFT =
Advanced Finances Test; AR test = Actual Reality test; DMCAT = Decision-Making Competence Assessment Tool; FCAI = Financial Competence Assessment In-
ventory; FCI = Financial Capacity Instrument; FCQ = Financial Competency Questions; HD = Huntington’s disease; ILS = Independent Living Scale; LCPLTAS = Legal 
Capacity for Prospective and Retrospective Memory Questionnaire; MCI = mild cognitive impairment; MS = multiple sclerosis; NADL = Numerical Activities of Daily 
Living; NADL-F = Numerical Activities of Daily Living - Financial; PD = Parkinson’s disease; UCSD-PBSA = University of California, San Diego - Performance-Based 
Skills Assessment; UMCFAB = University of Miami Computer-Based Functional Assessment Battery. 
a Includes also 5 people living with pathologies other than MCI. 
b Mixed group including people living with AD, people living with MCI and healthy controls. 
c No official name of test reported, test is likely a pilot version of the LCPLTAS. 
d Mixed group including people living with AD, people living with MCI, people living with PD and healthy controls. 
e Mixed group including people living with AD, people living with MCI, people living with PD, people living with FTD, people living with vascular dementia and 
healthy controls. 
f Studies presumably used the same sample and are therefore considered and described as one study. 
† Included both people with an NDD and healthy controls in analyses. 
* (multiple) regression analyses used instead of correlation analyses. 
+ Means significant correlation/predictor. 
n.s. Means not significant correlation/predictor. 
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studies also reported significant deterioration after two-years in FDM 
performances in people living with MCI (Clark et al., 2014; Niccolai 
et al., 2017). Clark et al. (2014) demonstrated that MCI converters 
showed more often a significant decline on the FCI (i.e., a decline of 
more than 10 points) after one as well as after two-year(s) follow-up 
compared to MCI non-converters. However, statistics for group com-
parisons were not reported. MCI converters may already have more 
difficulties with some aspects of FDM at baseline compared to MCI 
non-converters (Triebel et al., 2009), however, two other studies did not 
support this finding (Clark et al., 2014; Pereira et al., 2010b). Further-
more, baseline performances of people living with MCI could not predict 
the deterioration after two years (Niccolai et al., 2017). Lassen-Greene 
et al. (2017) explored the performances on the FCI in more detail and 
reported that in people living with MCI only the accuracy of perfor-
mances, not the speed of processing, deteriorates over a three-years 
period. Finally, Martin et al. (2019) performed a three and six-years 
follow-up using the FCI. Comparing the performances at baseline, 
three-years follow-up and six-years follow-up, they found a significant 
deterioration over time on the FCI total score and on all domains 
separately in people living with MCI, while no deterioration was 
observed in healthy controls. 

3.2.2. The association between FDM and cognition in people living with 
MCI 

Also in people living with MCI, a decreased performance on tests of 
global cognition was found to be associated with decreased perfor-
mances on tests of FDM (Arcara et al., 2019; Bangen et al., 2010; Duke 
Han et al., 2015; Gerstenecker et al., 2016; Table 3). General cognition, 
defined as the average of performances on nineteen tests of cognition, 
predicted 14% of variance of performance on an FDM test (Duke Han 
et al., 2015). When exploring different aspects of cognition in more 
detail, it appears that especially processing speed is related to FDM in 
people living with MCI since mild to strong correlations were found 
between measures of processing speed and FDM (Czaja et al., 2017; 
Duke Han et al., 2015; Griffith et al., 2010; Niccolai et al., 2017). Also 
numeracy was found to be significantly related to FDM in people living 
with MCI (Griffith et al., 2010; Niccolai et al., 2017; Sherod et al., 2009), 
explaining 37.6 to 55.0% of variance of performances on tests of FDM 
(Niccolai et al., 2017; Sherod et al., 2009). Furthermore, significant 
correlations were found between FDM and attention (Griffith et al., 
2010; Okonkwo et al., 2006), visuospatial memory (Niccolai et al., 
2017), visuomotor abilities (Benavides-Varela et al., 2015), language 
(Niccolai et al., 2017) and executive functions (Okonkwo et al., 2006; 
Sherod et al., 2009; more specifically working memory (Duke Han et al., 
2015), cognitive flexibility (Czaja et al., 2017) and abstract reasoning 
(Benavides-Varela et al., 2015)) in people living with MCI, although 
results are mixed. 

3.2.3. Influence of age, sex, education and symptoms of depression in 
people living with MCI 

Some studies found evidence that a higher age was associated with 
lower performances on FDM tests in people living with MCI (Duke Han 
et al., 2015; Lassen-Greene et al., 2017; Lui et al., 2013; Tolbert et al., 
2019). Age can, however, not fully explain the differences that were 
found between people living with MCI and healthy controls regarding 
FDM since some studies controlled for age in their group analyses and 
still found significant differences between groups on tests of FDM 
(Arcara et al., 2019; Benavides-Varela et al., 2015; Duke Han et al., 
2015; Griffith et al., 2010; Martin et al., 2019; Triebel et al., 2009). 
Furthermore, more years of education was related to a better perfor-
mance on a measure of FDM in people living with MCI (Lui et al., 2013; 
Niccolai et al., 2017; Tolbert et al., 2019). Sex was not related to FDM 
performances of people living with MCI (Tolbert et al., 2019). Niccolai 
et al. (2017) finally reported that higher scores on a depression rating 
scale were related to a faster deterioration of FDM performances in 
people living with MCI over a two-years period. However, Arcara et al. 

(2019) did not find a significant association between financial capacity 
(measured with the NADL-F) and symptoms of depression in a mixed 
group of people living with MCI, healthy controls and people living with 
other neurological diseases. 

3.3. Comparison of AD and MCI 

Thirteen studies included people living with AD as well as people 
living with MCI, which allowed a direct comparison between these 
groups regarding their performances on tests of FDM. When comparing 
people living with AD and people living with MCI, it was found that 
people living with AD in the mild as well as in the moderate and severe 
stages, have more difficulties with FDM (i.e., total scores) than people 
living with MCI (Clark et al., 2014; Gerstenecker et al., 2017a, 2018, 
2019; Giannouli et al., 2018; Giannouli and Tsolaki, 2014; Griffith et al., 
2003; Lui et al., 2013; Marson et al., 2009; Martin et al., 2019; Pereira 
et al., 2010b; Sherod et al., 2009; Tolbert et al., 2019). This is in 
accordance with the significantly larger pooled mean effect size that was 
found for the comparison between people living with AD and healthy 
controls compared to the pooled mean effect size of the comparison 
between people living with MCI and healthy controls (Q(1) = 48.4, p <
.001; Fig. 2). 

Studies exploring the different aspects of FDM in more detail by 
examining the domains of the FCI, LCPLTAS or ACED, consistently re-
ported that people living with AD showed more difficulties than people 
living with MCI on almost all domains of FDM (Gerstenecker et al., 
2017a, 2018, 2019; Giannouli et al., 2018; Giannouli and Tsolaki, 2014; 
Griffith et al., 2003; Lui et al., 2013; Marson et al., 2009; Martin et al., 
2019; Tolbert et al., 2019). However, Marson et al. (2009) and Giannouli 
et al. (2018) reported that while people living with moderate AD do 
show more difficulties with ‘basic monetary skills’ compared to people 
living with MCI, no differences were found on this domain of FDM be-
tween people living with mild AD and people living with MCI. 
Furthermore, some studies found no differences in performances be-
tween people living with mild AD and people living with MCI on the 
domains ‘financial judgments’ (Gerstenecker et al., 2017a; Griffith et al., 
2003; Martin et al., 2019) and ‘knowledge of personal assets’ of the FCI 
(Griffith et al., 2003) and ‘bill payment’ of the LCPLTAS (i.e., means of 
the different groups differed < 2 SD; Giannouli et al., 2018). 

3.4. Biological imaging techniques and FDM in people living with AD and 
people living with MCI 

Five of the included studies also evaluated metabolic, molecular and 
structural imaging techniques in people living with AD and/or people 
living with MCI. Firstly, Griffith et al. (2007) investigated the relation 
between the metabolism of the posterior cingulate gyrus and FCI total 
score in people living with mild AD, using Proton Magnetic Resonance 
Spectroscopy. They mainly focused on the N-acetylaspartate/Creatine 
(NAA/Cr) ratio and the choline-containing compounds/Creatine 
(Cho/Cr) ratio. A decrease in NAA/Cr ratio indicates neuronal tissue loss 
or damage; an increase in Cho/Cr ratio indicates an increased demye-
lination (Schuff et al., 2006). After controlling for global cognition (i.e., 
Dementia Rating Scale total score), a mild to moderate positive corre-
lation between NAA/Cr ratio and FDM and a moderate negative corre-
lation between Cho/Cr ratio and FDM were found in people living with 
mild AD. However, after the exclusion of one potential outlier the 
negative correlation between Cho/CR and FCI was no longer significant. 
A second study (Griffith et al., 2010) explored the association between 
bilateral gray matter volumes of five regions of interests in people living 
with mild AD (i.e., the medial frontal cortex, the dorsolateral frontal 
cortex, the precunei, the angular gyri and the hippocampi) and FDM 
using Magnetic Resonance Imaging (MRI). A higher FCI total score was 
significantly, but moderately, associated with a larger volume of all 
regions of interest, except the hippocampi. Multiple regression, how-
ever, was used to control for the overlap or connections between brain 
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areas. The results indicated that only the volume of the medial frontal 
cortex was a significant predictor of FDM in people living with mild AD, 
i.e., predicting 35% of variance of the FCI total score. The association 
between white matter connectivity (using MRI based diffusion tensor 
imaging) and FDM was determined in a third study (Gerstenecker et al., 
2017a). In people living with MCI, a greater degeneration of the white 
matter (i.e., a reduction of fractional anisotropy) in areas related to the 
precuneus, lateral and medial occipital, lateral temporal and lateral 
prefrontal cortices was related to lower performances on the FCI. In 
people living with mild AD, a decreased white matter integrity (i.e., 
increased axial diffusivity λ1 and mean diffusivity of λ1, λ2 and λ3) in 
similar regions as found in people living with MCI was related to lower 
FDM performances. In healthy controls, no relation between white 
matter connectivity and FDM was found. In a fourth study, Pereira et al. 
(2010b) investigated AD biomarkers (i.e., the concentrations of Total 
Tau, Phospho-Tau181 and Amyloid ß1-42 in the cerebrospinal fluid) in 
nineteen people living with MCI and related these concentrations to 
performances on a measure of FDM (i.e., the DAFS subscale ‘dealing 
with finances’). The results showed that higher concentrations of Total 
Tau and Phopsho-Tau181 were associated with lower performances on 
the tests of FDM in people living with MCI, whereas overall functional 
capacity (i.e., total score on DAFS) was not associated to any of these 
biomarkers. Finally, Tolbert et al. (2019) investigated FDM perfor-
mances (i.e., on the FCI-SF) in relation to cortical ß-amyloid deposition. 
A higher cortical-to-cerebellum standardized uptake value ratio/SUVr 
indicates greater cortical ß-amyloid deposition which is described as one 
of the pathological hallmarks of AD and has the utility of predicting 
cognitive decline in normal aging and MCI (Clark et al., 2011; Dor-
aiswamy et al., 2014). In a pooled sample of people living with MCI and 
people living with AD, while controlling for age, education and sex, 
higher ß-amyloid SUVr was significantly negatively correlated with FDM 
performances. 

3.5. Frontotemporal Dementia (FTD) 

Three studies, which included a total of 52 participants (weighted 
age = 67.3 years), investigated FDM in people living with FTD 
(Table 2c). All participants were diagnosed with the behavioral variant 
of FTD, although one study did not provide information about de-
mographics and disease characteristics of participants (Giannouli et al., 
2018). The included studies consistently found lower performances on 
tests of FDM compared to healthy controls (Giannouli et al., 2018; Gill 
et al., 2019; Lima-Silva et al., 2015). This is confirmed by the large 
pooled mean effect size found in the meta-analysis (i.e., g = 2.56 [1.73; 
3.39], SE = 0.42, p < .001 based on three studies; Fig. 2). Significant 
heterogeneity was found (Q(2) = 7.4, p = .025, I2 = 73.0%) and the 
funnel plot showed significant asymmetry (p = .010; Fig. 3). However, 
only a small number of studies were included so these bias assessments 
should be interpreted with caution. 

Gill et al. (2019) reported that people living with FTD showed an 
intact performance on ‘reading/writing’, ‘rational beliefs about money’ 
and ‘debt management’ of the FACT and FCAI compared to healthy 
controls. One study indicated that people living with FTD showed 
significantly lower FDM performances compared to people living with 
mild AD (i.e., deviation of ≥ 2 SD between groups on the ‘total score’, 
‘financial decision-making’ and ‘assets knowledge’ domains of the 
LCPLTAS; Giannouli et al., 2018). Similar performances were, however, 
observed in people living with FTD and people in the moderate to severe 
stages of AD and when people living with FTD were compared with 
people living with AD who were matched based on their dementia 
severity (Giannouli et al., 2018; Lima-Silva et al., 2015). Furthermore, 
group differences between people living with FTD and people living 
with AD observed on the FACT and FCAI (Gill et al., 2019) were no 
longer significant when controlling for age. The association between 
FDM, cognition, age, sex, education and symptoms of depression has not 
been evaluated in people living with FTD. 

3.6. Parkinson’s Disease (PD) 

Seven studies investigated FDM in people living with PD (Table 2d). 
Two studies (Pirogovsky et al., 2014, 2013) used the same sample which 
were, therefore, treated as one study. In total, 222 people living with PD 
participated in these studies and participants were on average between 
66.7 and 75.6 years old (weighted age = 70.1 years). Participants were 
on their regular medication during assessment, however, three studies 
(Giannouli et al., 2018; Giannouli and Tsolaki, 2019, 2014) did not 
provide any information about disease characteristics and medication 
use of their sample. 

All studies reported that people living with PD had significantly more 
difficulties with FDM than healthy controls (Giannouli et al., 2018; 
Giannouli and Tsolaki, 2019, 2014; Martin et al., 2013; Pirogovsky 
et al., 2014, 2013, 2012). This is in accordance with the large pooled 
mean effect size found in the meta-analysis (i.e., g = 1.49 [0.71; 2.27], 
SE = 0.40, p < .001, based on five studies; Fig. 2). Also for the PD studies, 
significant heterogeneity was found (Q(4) = 58.8, p < .001, I2 = 93.2%). 
The funnel plot showed no significant asymmetry (p = .333; Fig. 3). 

3.6.1. The association between FDM and cognition in people living with PD 
Most studies used total scores to evaluate FDM in people living with 

PD, however, whether specific domains of FDM are impaired seems to 
depend on the severity of cognitive impairments in people living with 
PD. When people living with PD are divided in groups with and without 
cognitive impairments, no differences are found between healthy con-
trols and people living with PD without cognitive impairments regarding 
FDM (Pirogovsky et al., 2014). People living with PD meeting the 
criteria of MCI (PD-MCI) showed, however, significantly lower perfor-
mances on tests of FDM than healthy controls (Martin et al., 2013; Pir-
ogovsky et al., 2014), even though no differences were found between 
people living with PD-MCI and people living with PD without cognitive 
impairments (Pirogovsky et al., 2014). When exploring the perfor-
mances of people living with PD in tests of FDM in more detail, it was 
found that people living with PD-MCI showed significantly lower per-
formances on relatively basic aspects of FDM (i.e., ‘basic monetary 
skills’, ‘financial concepts’ and ‘investment decision-making’) compared 
to healthy controls. No group differences were found on other domains 
of the FCI between these groups (Martin et al., 2013). Problems with 
FDM were most consistently found in people living with PDD compared 
to healthy controls (Giannouli et al., 2018; Giannouli and Tsolaki, 2019; 
Martin et al., 2013). People living with PDD scored significantly lower 
than both healthy controls and people living with PD-MCI on almost all 
domains of FDM as measured with the FCI (Martin et al., 2013), even 
though ‘financial judgment’ and ‘knowledge of assets/estate arrange-
ment’ seem to remain relatively intact in people living with PDD (i.e., no 
group differences were observed). In one study (Pirogovsky et al., 2012), 
seven people living with PDD were included in the sample, but the 
differences between people living with PD and healthy controls on the 
measure of FDM remained significant when excluding these people 
living with PDD. The remaining PD sample (n = 26) was described as 
non-demented, but it is unclear whether they suffered (mild) cognitive 
impairment(s). The researchers did report a direct moderate correlation 
between FDM and global cognition in people living with PD (Giannouli 
and Tsolaki, 2019; Pirogovsky et al., 2012). Another study, however, 
was not able to find a significant correlation between global cognition 
and FDM in people living with PD without dementia (Pirogovsky et al., 
2014). 

Two studies investigated the association between FDM and specific 
cognitive functions in people living with PD. Prospective memory, both 
time and event based, seems to be positively related to FDM in people 
living with PD (Pirogovsky et al., 2012). However, this correlation was 
no longer significant when people living with PDD were excluded from 
the sample. In accordance, when investigating people living with PD 
without dementia, no significant correlations were found between 
measures of attention, memory, executive functions, language and 
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visuospatial abilities and FDM (Pirogovsky et al., 2014, 2013; Table 3). 

3.6.2. Influence of age, sex, education, symptoms of depression and disease 
characteristics in people living with PD 

One study reported strong associations between age, sex and FDM in 
people living with PD (Pirogovsky et al., 2012). However, another study 
did not find any significant correlations between demographic charac-
teristics and FDM in people living with PD (Pirogovsky et al., 2014). A 
more severe disease severity (i.e., higher Hoehn & Yahr scores) and a 
longer disease duration were weakly to moderately associated with 
lower scores on FDM in people living with PD (Pirogovsky et al., 2012). 
Another study could, however, not replicate these findings (Pirogovsky 
et al., 2013). One study found significantly lower FDM performances in 
people living with PDD with symptoms of depression compared to 
people living with PDD without symptoms of depression (Giannouli and 
Tsolaki, 2019). This corresponds with the weak to moderate associations 
found between symptoms of depression and lower scores on tests of FDM 
in people living with PD (Pirogovsky et al., 2013, 2012). People living 
with PD diagnosed with a major depressive disorder prior to the diag-
nosis of PD were, however, excluded in these studies. 

3.7. Multiple Sclerosis (MS) 

Only recently did researchers start examining FDM in people living 
with MS. Three studies were included in the review (Table 2e) as well as 
in the meta-analysis (Fig. 2). In total, 86 people living with MS partic-
ipated in these studies and the average age ranged between 44.3 and 
49.4 years (weighted age = 47.3 years). Gerstenecker et al. (2017b) 
included exclusively people living with MS with either a primary pro-
gressive or secondary progressive disease subtype, while the other two 
studies included a more mixed group with approximately half of the 
sample diagnosed with relapsing remitting MS and the other half with 
either primary progressive, secondary progressive or progressive re-
lapsing MS or with a disease subtype that was uncertain (see Table 2e for 
more details). 

All three studies (Gerstenecker et al., 2017b; Goverover et al., 2016; 
Tracy et al., 2017) concluded that people living with MS have more 
difficulties with FDM compared to healthy controls, which corresponds 
with the results of the meta-analysis (g = 0.71 [0.23; 1.16], SE = 0.23. p 
< .001). According to the meta-analysis, the effect size of one of the 
three studies was, however, not significant (Gerstenecker et al., 2017b; 
Fig. 2). The heterogeneity test was not significant (Q(2) = 3.9, p = .141, 
I2 = 49.0%) and the funnel plot showed no significant asymmetry (p =
.290; Fig. 3). However, only a small number of studies were included so 
these bias assessments should be interpreted with caution. 

Based on the AR test, which required skills such as planning and 
budgeting, people living with MS are more likely to make errors when 
using their credit card than healthy controls (Goverover et al., 2016). 
Furthermore, people living with MS also worked at a slower pace than 
healthy controls when performing this FDM test. However, people living 
with MS were equally able to ‘stay within the price range’, ‘respond to 
unexpected situations’ and ‘to make appropriate decisions and choose 
financially the best options’ (Goverover et al., 2016). Gerstenecker et al. 
(2017b) used the FCI to evaluate FDM in people living with MS and 
found that the performance of people living with MS was significantly 
lower than healthy controls on the total score and on almost all domains 
of the FCI (i.e., ‘basic monetary skills, ‘conceptual knowledge’, ‘cash 
transactions’, ‘checkbook management’, ‘bank statement management’ 
and ‘investment decision-making’). Group differences between people 
living with MS and healthy controls were not found for the domains 
‘financial judgment’ and ‘bill payment’ of the FCI (Gerstenecker et al., 
2017b). 

3.7.1. The association between FDM and cognition in people living with MS 
In the study of Tracy et al. (2017), people living with MS were 

divided in subgroups based on their cognitive abilities. Healthy controls 

and cognitively unaffected people living with MS did not differ with 
regard to their performances on the FCI. People living with MS with 
cognitive impairments (i.e., a performance of ≤1 SD on at least three 
neurocognitive tests), however, showed more difficulties with FDM than 
both cognitively unaffected people living with MS and healthy controls. 
On FCI domain level, cognitively impaired people living with MS had 
more difficulties with ‘basic monetary skills’, ‘conceptual knowledge’, 
‘checkbook management’, ‘bank statement management’, ‘bill payment’ 
and ‘investment decisions’, than the other groups. However, the ability 
to perform ‘cash transactions’ and ‘financial judgments’ remained 
relatively intact since no group differences were observed. 

All three studies (Gerstenecker et al., 2017b; Goverover et al., 2016; 
Tracy et al., 2017) investigated the associations between performances 
on tests of FDM and specific aspects of cognition (Table 3). In people 
living with MS, weak to moderate correlations were found between FDM 
tests and measures of attention, processing speed, language, memory (i. 
e., verbal and visual memory), arithmetic and executive functioning 
including mental flexibility and working memory, verbal reasoning 
(Gerstenecker et al., 2017b; Goverover et al., 2016; Tracy et al., 2017). 
Verbal memory and arithmetic explained 51.0% of variance of the FCI 
total score in people living with MS (Gerstenecker et al., 2017b). Gov-
erover et al. (2016) calculated a total money management score based 
on their FDM performance-based test and a FDM self-report question-
naire and reported that processing speed was the only significant pre-
dictor of this total money management score, explaining 18.0% of 
variance. 

3.7.2. Influence of age, sex, education, symptoms of depression and disease 
characteristics in people living with MS 

No significant associations were found between FDM and age or 
education in people living with MS (Tracy et al., 2017). Also no signif-
icant associations were found between FDM and symptoms of depression 
(Gerstenecker et al., 2017b; Tracy et al., 2017) or anxiety (Goverover 
et al., 2016) in people living with MS. However, when the impact of 
motor disabilities on physical functioning in people living with MS 
increased, as measured with the Timed 25-Foot Walk, poorer perfor-
mances on ‘basic monetary skills’ of the FCI were observed, although the 
association was weak (Tracy et al., 2017). Goverover et al. (2016), 
however, found no significant correlation between FDM and MS disease 
severity as measured with the Expanded Disability Status Score. 
Furthermore, group differences regarding FDM between people living 
with MS and healthy controls remained significant after controlling for 
upper extremity motor speed (Goverover et al., 2016). Sex in relation to 
FDM has not been studied in people living with MS. 

3.8. Huntington’s Disease (HD) 

Only one study (Sheppard et al., 2017; Table 2f) investigated FDM in 
people living with HD and included 20 people living with symptomatic 
HD with a mild to moderate disease severity (based on the Unified 
Huntington’s Disease Rating Scale; UHDRS) and compared them with 20 
healthy controls. People living with HD had significantly more diffi-
culties with FDM than healthy controls. Furthermore, a significant 
moderate positive correlation was observed between FDM and global 
cognition (Table 3). More specifically, the Mattis Dementia Rating Scale 
subtests initiation and perseveration, construction and memory were 
found to be significantly related to FDM in people living with HD. FDM 
was, however, not related to disease characteristics of HD (i.e., UHDRS 
total motor score) nor to symptoms of depression (i.e., Beck Depression 
Inventory-II and Geriatric Depression Scale short form). The associations 
between FDM and demographic variables, such as age, sex or education, 
were not evaluated in people living with HD. 

4. Discussion 

The aim of the present study was to provide a comprehensive 
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overview and meta-analysis of studies evaluating FDM in people living 
with an NDD. For this, the reliability of performance-based tests to 
consistently identify FDM difficulties in people living with an NDD 
compared to healthy controls was evaluated. Furthermore, if studies 
allowed, the performances on tests of FDM between groups with 
different NDDs was compared. Finally, the influence of disease severity 
and disease progression on FDM was explored, as well as the associa-
tions between FDM and performances on standard measures of cognition 
and demographic variables (i.e., age, sex and education). In the current 
review, FDM is used as a hypernym for every day knowledge, perfor-
mances, skills and actions related to the use of money. Gambling or risk- 
taking were not taken into account. According to the conceptual model 
of financial capability (Appelbaum et al., 2016), gambling or risk-taking 
are contextual factors that may be of influence on financial competence 
and can result in a decreased financial performance in everyday life. 
Since the present review focuses specifically on the competence or ca-
pacity to make financial decisions, contextual factors such as gambling 
or risk-taking were, therefore, considered to be beyond the scope of this 
review. With the inclusion of 47 studies, the performances of people 
living with AD, MCI, FTD, PD, MS or HD could be compared to the 
performances of healthy controls. Meta-analyses were conducted within 
each group if more than one study could be included. The majority of 
studies included people living with AD and/or MCI (i.e., 38 studies in 
total). 

4.1. FDM in people living an NDD 

All included studies consistently reported more problems with FDM, 
based on performance-based tests, in people living with different NDDs 
compared to healthy controls. This is confirmed by the medium to large 
pooled mean effect sizes found for each group in the meta-analyses (no 
meta-analysis has been performed for people living with HD). The 
severity of cognitive decline in people living with an NDD seems to be 
related to the degree of problems with FDM. People living with AD, 
characterized by problems in multiple domains of cognition resulting in 
problems in daily life (American Psychiatric Association, 2013), have, 
for example, significantly more problems with FDM than people living 
with MCI (Gerstenecker et al., 2017a, 2018, 2019; Giannouli et al., 
2018; Giannouli and Tsolaki, 2014; Griffith et al., 2003; Lui et al., 2013; 
Marson et al., 2009; Martin et al., 2019; Tolbert et al., 2019). This 
corresponds with the significantly larger pooled mean effect size found 
for people living with AD compared to people living with MCI. Also, over 
time, a significant deterioration of FDM performances is found in people 
living with MCI and people living with AD in longitudinal studies. 
Within this context, some domains of FDM seem to be less vulnerable to 
cognitive decline than others. In people living with MCI, the domains 
‘basic monetary skills’ and ‘financial judgment’ of the FCI appear rela-
tively intact since no differences were found compared to healthy con-
trols (Gerstenecker et al., 2019, 2017a, 2016; Griffith et al., 2003). Both 
domains are described as relatively simple tasks of FDM (Griffith et al., 
2003). Similar results are found for people living with mild AD (Ger-
stenecker et al., 2017a; Giannouli et al., 2018; Griffith et al., 2003; 
Loewenstein et al., 1989; Marson et al., 2000, 2009; Martin et al., 2019). 
However, when AD progresses to more advanced stages, significantly 
poorer performances are found on all assessed domains of FDM in people 
living with AD compared to people living with MCI and healthy controls. 
Also, when matched for their dementia severity (Lima-Silva et al., 2015) 
or when compared to people living with moderate to severe AD (Gian-
nouli et al., 2018), people living with FTD and people living with AD 
show comparable performances on performance-based tests of FDM. 
Finally, also people living with PDD show more problems with FDM than 
people living with PD-MCI (Martin et al., 2013) and, interestingly, 
similar performances on FDM were found between healthy controls and 
people living with PD who were cognitively unaffected and people living 
with MS who were cognitively unaffected (Pirogovsky et al., 2014; Tracy 
et al., 2017). 

The impact of cognition on FDM is further supported by the signifi-
cant relations found between measures of global cognition and perfor-
mances on tests of FDM in different NDD groups. The strength of these 
associations, however, differs between groups and seems to depend on 
the tests used for the assessment of FDM and global cognition. With 
regard to specific cognitive functions, especially working memory ap-
pears to be relevant for adequate performance on tests of FDM (e.g., 
Czaja et al., 2017; Earnst et al., 2001; Tracy et al., 2017; Table 3). Also 
processing speed and numeracy are consistently found to be related to 
FDM (e.g., Gerstenecker et al., 2017b; Griffith et al., 2010; Sherod et al., 
2009; Table 3). According to the scientific literature and diagnostic 
guidelines (American Psychiatric Association, 2013), impairments in 
(verbal) memory and executive functions are predominantly present in 
typically amnestic syndromes (e.g., MCI and AD) and dysexecutive 
syndromes (e.g., FTD or PDD), respectively. These cognitive problems, 
however, seem to insufficiently explain the diminished performances on 
FDM in these groups since results with regard to the relation between 
both domains of cognition and FDM are inconsistent. This might explain 
why no profound differences appear to be present between the NDDs 
with regard to FDM. 

Besides the relation between specific cognitive functions and FDM, 
also the associations between other potential determinants and FDM 
were evaluated in some studies. In people living with MCI, being 
younger and more years of education were found to be related to fewer 
difficulties with FDM (Duke Han et al., 2015; Lassen-Greene et al., 2017; 
Lui et al., 2013; Niccolai et al., 2017; Tolbert et al., 2019). An associa-
tion between age and FDM was not found in people living with AD 
(Bassett, 1999; Mahurin et al., 1991; Martin et al., 2008). Significant 
group differences on measures of FDM between people living with AD 
and people living with FTD were, however, no longer significant when 
controlled for age (Gill et al., 2019), assuming some influence of age. 
The results with regard to the relation between sex, years of education 
and performances on measures of FDM in people living with AD are 
mixed (Bassett, 1999; Giannouli et al., 2018; Mahurin et al., 1991; 
Martin et al., 2008) and in the other NDDs these variables are insuffi-
ciently examined to draw conclusions. In people living with MS and 
people living with PD, studies found evidence that FDM is related to 
disease severity and motor disabilities (Pirogovsky et al., 2012; Tracy 
et al., 2017), but again results are mixed. Furthermore, some studies 
found a negative influence of symptoms of depression on FDM outcomes 
in people living with MCI and people living with PD (Niccolai et al., 
2017; Pirogovsky et al., 2013, 2012). Within the context of other NDDs, 
this relation was absent or not studied. In most studies, however, clin-
ically depressed people were excluded from the sample which makes the 
evaluation of the impact of this variable difficult. 

In summary, even though there are some indications that FDM is 
associated with demographic variables and disease characteristics, 
overall, these associations are not evaluated systematically in the 
included studies. However, their potential influence on measures of 
FDM cannot be ruled out, especially since it is known that these vari-
ables have an influence on cognitive functioning (e.g., Murman, 2015; 
Van Der Elst et al., 2006b, 2006c, 2006a; Van Hooren et al., 2007). 
Therefore, future studies should control for group differences in these 
variables. Also, the impact of symptoms of depression on FDM is not well 
studied even though this variable might have a potential negative in-
fluence on performances on FDM. It is important to study this associa-
tion in more detail since symptoms of depression are frequently present 
in people living with an NDD (Baquero and Martín, 2015). Furthermore, 
the influence of motor disabilities and disease severity in NDDs such as 
PD and MS should further be evaluated, especially when using 
performance-based tests that potentially require motor actions. Addi-
tional factors are also found to be of influence on someone’s ability to 
make financial decisions, such as financial experience (Eberhardt et al., 
2019; Marson et al., 2000) and income level (Bangma et al., 2017). Only 
a few of the included studies controlled for financial experience (Bassett, 
1999; Griffith et al., 2003; Marson et al., 2000, 2009; Martin et al., 2008; 
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Sherod et al., 2009; Stoeckel et al., 2013; Triebel et al., 2009) and none 
of the studies examined other potential influential variables such as 
income level. 

4.2. Evaluation of FDM tests 

In total, nineteen different measures of FDM were used in the 
included studies. One of the most frequently used tests is the FCI (i.e., in 
22 of 47 studies; Marson et al., 2000). Furthermore, the conceptual 
model of Appelbaum & Grisso (1988) is frequently used as a basis of 
FDM tests, e.g., for the FACT (Black et al., 2007) and ACED (Lai et al., 
2008; Lai and Karlawish, 2007). Most tests simulate everyday FDM 
abilities, such as counting coins or paying bills. Some studies, however, 
used experimental tests or new scales to assess FDM. Consequently, 
psychometric properties of these tests are currently unknown. For some 
tests (i.e., FCI and DAFS) marked differences were observed between 
studies that used these tests, as different domains were included and 
total scores were calculated in different ways. With regard to the FCI, 
various versions have been developed over time, since new domains are 
introduced and different minimum and maximum scores are calculated 
for the same FCI domains (e.g., Earnst et al., 2001; Marson et al., 2000; 
Martin et al., 2008, 2019). This makes a direct comparison between 
studies that applied the FCI difficult. 

A major problem that has been identified within the context of 
assessment of FDM is the lack of accessibility to tests measuring FDM 
which contributes to the development of new FDM tests (Engel et al., 
2016). Even though differences in financial systems and procedures 
between countries sometimes require the development or adjustment of 
tests, more openness, collaboration and sharing test material is recom-
mended to improve current and future tests focusing on FDM. Further-
more, the ecological validity of FDM tests remains unclear and it can, 
therefore, not be determined how performances on these tests can be 
translated to strengths and weaknesses within the context of money 
management in everyday life. For example, intact performance of people 
living with relatively mild cognitive disturbances, such as people living 
with MCI and mild AD, on specific domains of FDM tests suggest the 
preservation of some FDM skills. Possibly these people can function 
relatively well in everyday life when performing more basic FDM related 
actions, such as grocery shopping or paying bills, but need assistance 
with more complex tasks, such as buying property or taking out (health) 
insurance(s). Currently it is, however, not possible to formulate clear 
advice for people living with NDDs and their relatives based on FDM test 
performances. It also remains unclear whether a deterioration or decline 
in FDM, as observed in longitudinal studies, results in more everyday life 
problems. Ceiling effects are frequently found in healthy controls and 
the actual differences between groups are often very small in terms of 
scores or points on a test. Therefore, an important focus for further 
research is the ecological validity of FDM tests. The lack of normative 
data also complicates the use of performance-based FDM tests in clinical 
practice. 

There are also other reasons why the formulation of (legal) decisions 
about someone’s capacity to manage his or her finances is not possible 
solely based on performance-based FDM tests. First, it is unclear whether 
current FDM tests investigate all domains of financial competence. 
Recently, Engel et al. (2016) described nine domains of financial skills 
(e.g., basic monetary skills, paying bills, budgeting) and concluded that 
none of the currently available FDM tests examine all nine domains. 
Different theoretical models are used and there is major variability in 
content, type of tasks and administration between tests. More theoretical 
consensus and the development of more multidimensional FDM in-
struments, including both simple and complex financial skills, is there-
fore recommended. Furthermore, most FDM tests focus on either 
practical financial skills, financial knowledge or the ability to judge and 
make decisions, which are also described as someone’s financial 
competence (Appelbaum et al., 2016). Financial competence or FDM, 
however, also relies on contextual factors and financial performances (i. 

e., the abilities and opportunities to implement financial decisions in 
everyday life; American Bar Association Commision on Law and Aging 
and American Psychological Association [ABA/APA], 2008; Appelbaum 
et al., 2016), which are both insufficiently assessed in current research. 
Finally, it is of utmost importance that decisions about a person’s 
financial competence should be taken carefully to minimize the risk of, 
e.g., financial abuse. According to Engel et al. (2016), the currently 
available most useful tests for the evaluation of a person’s financial 
competence are the FCI and SCIFC. Also, the LCPLTAS, which is based on 
the FCI, and the FCAI might be useful in this context. However, ac-
cording to our knowledge, these tests have, so far, only been used in 
research and are not available for use in clinical practice. In order to 
make these tests suitable for clinical practice, more information about 
the clinimetrics of these tests is needed. Furthermore, as already 
mentioned, normative data is largely lacking. Only with this type of 
data, the performance on a financial competence test of an individual 
living with an NDD can be interpreted. 

4.3. Limitations 

Some limitations may be of influence on the conclusions drawn in the 
present study and need to be taken into account. First, there might be 
different interpretations of what is considered a performance-based test 
and what is considered a self and proxy report. According to the best of 
our knowledge, we included only performance-based tests of FDM and 
excluded all studies using self-report or proxy report assessments of 
FDM. However, only half of the tests included in this review were also 
identified as tests of FDM in a recent review identifying instruments to 
quantify financial management skills (Engel et al., 2016). One test 
included in this review (i.e., the ACED) was even described as a ‘com-
bined self-report and proxy report’ measure of FDM. The ACED indeed 
partly contains a proxy evaluation of FDM. However, in the current 
review the other part of this test was considered as performance-based 
because of the way the test is administered and scored. Finally, some 
other tests (e.g., NADL-F or LCPLTAS) were published after the review of 
Engel et al. was conducted. Second, studies included in this review and 
meta-analyses vary in study design. For example, they vary in sample 
characteristics or FDM tests used. Furthermore, the diagnostic criteria 
for the different NDDs and the accuracy of diagnosis evolved over time. 
For example, the diagnostic criteria for dementia as described in the 
diagnostic and statistical manual of mental disorders (DSM) IV-TR 
changed to include minor and major neurocognitive disorders in the 
DSM-5 in 2013. Since the publication dates of the studies that were 
included in the present systematic review and meta-analysis ranges from 
1989 to 2019, adaptations to diagnostic criteria and improvements in 
accuracy of diagnosis of NDDs most likely were of influence on the re-
sults found in the different studies. Consequently, the heterogeneity 
between studies is relatively high (I2 ranged between 48.9% to 93.5%; 
Higgins et al., 2003). Random-effects methods instead of fixed-effects 
methods are used in the meta-analyses. Nevertheless, this unavoidable 
bias in clinical research might have been of influence on the results, so 
that the meta-analytic pooled mean effect sizes need to be interpreted 
with caution. Furthermore, the funnel plots (Fig. 3) cannot sufficiently 
confirm or exclude the possibility of publication bias because of the 
relatively small number of studies for each NDD group. Observed 
asymmetry might also be the result of heterogeneity between studies 
and the random-effects method used (Deeks et al., 2019). Third, the 
present study was not preregistered. For reasons of transparency, 
reproducibility and rigor this should have be done. Finally, no evalua-
tion of the risk of bias has been executed. According to our knowledge, 
there is no valid and reliable tool available for the evaluation of the risk 
of bias for cross-sectional studies as included in the current review. The 
inability to appropriately evaluate the risk of bias and publication bias of 
the included studies, together with the moderate to high heterogeneity 
between studies, therefore need to be considered when interpreting the 
results. 
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4.4. Conclusion 

Taking these limitations into account, there is ample evidence that 
people living with an NDD are vulnerable for impairments in their ca-
pacity to make financial decisions. FDM performance in people living 
with an NDD appears to be related to cognitive decline, specifically in 
working memory, processing speed and numeracy. However, the num-
ber of studies focusing on FDM in people living with an NDD other than 
AD or MCI are limited or have not been performed to date. Further 
research is thus necessary to further elaborate this topic. Furthermore, 
the associations between the observed problems with FDM and diffi-
culties in everyday life remain unclear. It is conceivable that problems 
with FDM can lead to major negative consequences in the everyday lives 
of people with living with an NDD and their relatives and can result in 
debts or poverty. A focus on more multidimensional research on FDM 
and an emphasis on the ecological validity of current and new FDM tests 
is therefore recommended. 
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